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U.S. Patent and Trademark Office 
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PRELIMINARY AMENDMENT 
Prior to examination, kindly amend the above-referenced application as follows. 
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At page 1, line 3, please insert the following paragraph. 

The application claims priority from international patent application serial number 
PCT/JPOO/03955, filed on June 16, 2000, which, in turn, claims priority from Japanese 
patent application number 11/175646, filed on June 22, 1999, the disclosures of which 
are hereby incorporated by reference. 
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REMARKS 

The amendment set forth above provides the priority information that is to be 
entered into the specification. Also enclosed are clean and marked-up versions of the 
added paragraph. 
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Account No. 03-2095. 
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Version with Markings to Show Changes Made 

At page 1, line 3, please insert the following paragraph. 

— The application claims priority from international patent application 
serial number PCT/JPOO/03955, filed on June 16, 2000, which, in turn, claims 
priority from Japanese patent application number 1 1/175646, filed on June 22, 
1999, the disclosures of which are hereby incorporated by reference.— 



Clean Version of the Ad ded Paragraph 

The application claims priority from international patent application serial 
number PCT/JP00/03955, filed on June 16, 2000, which, in turn, claims priority 
from Japanese patent application number 1 1/175646, filed on June 22, 1999, the 
disclosures of which are hereby incorporated by reference. 
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DESCRIPTION 



A VECTOR FOR THE EXPRESSION OF TWO FOREIGN GENES 



5 Technical Field 

This invention relates to a vector for expressing foreign genes. 

Background Art 

Gene transferring vectors are used in research and gene therapy 

10 to express foreign genes in target cells. In such situations, it is 
sometimes desirable that two genes be expressed in the same target 
cell. This will allow, for example the selective proliferation or 
death of target cells to which therapeutic genes have been inserted 
by expressing therapeutic genes in combination with selective genes. 

15 Alternatively, this will allow the monitoring of the dynamics of a 
therapeutic transgenic cell in vivo by expressing marker genes (e.g. , 
GFP etc.) in combination with therapeutic genes. Furthermore, this 
will allow the expression of proteins that function by forming a 
complex between two types of subunits, such as receptors and 

20 transcription factors. 

Previously, as vector systems for coexpression of two genes, 
a form in which multiple promoters are inserted, and another form 
in which one promoter is combined with an IRES (Internal Ribosomal 
Entry Site) sequence have been reported. However, the expression 

25 properties of these vectors are by no means satisfactory. 

For example, vectors having multiple promoters suffer from the 
problem of efficient expression from only one of the promoters due 
to interference among the promoters. Alternatively, vectors with a 
combination of one promoter and an IRES sequence contain the problem 

30 that the expression level of genes on the 3' side from IRES is only 
1/5 to 1/10 of that on the 5' side from IRES. 



35 



Disclosure of the Invention 

The object of this invention is to provide a vector that allows 
the coexpression of two foreign genes. More specifically, the object 



of present invention is to provide a vector that allows the 
coexpression of two foreign genes using an RRE sequence and that allows 
the regulation of the ratio of expression level of the two foreign 
genes by alteration of the RRE sequence. 

In a preferred embodiment, a virus vector is provided in which 
a virus-derived expression regulatory sequence is altered to another 
expression regulatory sequence, such that the dependence on 
virus-derived proteins is eliminated. In another preferred 
embodiment, a virus vector with a packaging signal is provided, 
wherein the vector is altered so that the risk of generation of a 
wild-type strain due to gene recombination is decreased, and further 
wherein a virus structural protein is not expressed. 

The present inventors generated a novel virus vector using RRE 
and a simian immunodeficiency virus (SIV) having various advantages, 
such as better safety as compared to the human immunodeficiency virus 
(HIV) conventionally used in the field of gene therapy. 

Specifically, a vector containing a 5'LTR region, RRE, CMV 
promoter, EGFP gene (or p-galactos idase gene) , and 3'LTR in order was 
first constructed as a gene transfer vector based on SIVagmTYOl, which 
is a clone of a non-pathogenic African Green Monkey immunodeficiency 
virus . 

Since a trans-acting virus structural protein towards a gene 
transfer vector in a packaging cell is required for packaging of a 
gene transfer vector into a vector particle, the present inventors 
also constructed a packaging vector for providing a virus structural 
protein within the packaging cell. That is, a vector expressing a 
virus exodermal protein (VSV-G) within the packaging cell, and a 
vector expressing a virus core protein (gag) and a reverse 
transcriptase (pol) therein were constructed. 

The transcription activity of a lentiviral 5'LTR is generally 
dependent on a Tat protein, which is a virus-derived factor. 
Therefore, the present inventors subsequently produced a gene 
transfer vector in which the U3 region, the promoter sequence of 5' LTR, 
is replaced with another promoter sequence in order to eliminate the 
dependence of the generated gene transfer vector on the Tat protein 
and to increase the vector titer by replacement with a promoter 
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sequence having stronger transcription activity, thereby providing 
a Tat-independent vector. 

In the lentivirus vector, it is found that, since the U3 region, 
a promoter sequence contained in the 3 ' LTR region, is inserted into 
5 the U3 promoter region of 5' LTR upon reverse transcription in the 
target cell, the U3 region contained in the 3' LTR region of the gene 
transfer vector plasmid functions as the U3 promoter of 5' LTR, 
relating to gene expression in the target cell genome. Therefore, 
a vector in which the U3 region of 3' LTR in the gene transfer vector 
10 is replaced with another promoter sequence was produced to determine 
whether the promoter relating to gene expression within the target 
cell can be replaced with promoters other than those having a U3 
sequence. In addition, to determine whether the promoter sequence 
in the 5' LTR within the target cell can be simultaneously deleted, 
15 a vector, in which the U3 region of 3' LTR in the gene transfer vector 
is deleted, was produced. 

A packaging signal, which is a cis-acting factor on a gene 
transfer vector, is required for packaging into a vector particle 
of a gene transfer vector, and moreover, by enhancing the packaging 
20 efficiency of the vector, vector titer will be elevated. Therefore, 
as long the region containing the packaging signal as possible should 
be inserted so that the structure formed by the packaging signal 
sequence can be maintained. However, on the other hand, the 
generation frequency of a wild-type virus due to recombination, which 
25 may occur between the two sequences, should be suppressed to a minimum 
by minimizing sequence overlap between the packaging signal of the 
gene transfer vector and the packaging vector. Therefore, in order 
to construct a vector system, it is necessary to identify correctly 
the minimal packaging signal sequence required for efficient 
30 packaging of a gene transfer vector. Thus, the present inventors 
inserted DNA fragments containing different lengths of the region 
downstream of 5 ' LTR into a gene transfer vector to provide a vector 
that was both safety and packaging ability. 

Next, the present inventors generated a virus vector that allows 
35 the coexpression of two foreign genes simultaneously. The Rev 
responsive element (RRE) is a virus-derived Rev protein binding site 



which is involved in transport of RNA from the nucleus to the cytoplasm. 
Using this RRE/Rev system, it was examined whether a system that 
coexpresses two different types of proteins from a single promoter 
may be generated through the regulation of splicing efficiency. 

First, to examine whether expression of two different types of 
proteins can be regulated by RRE , a vector was generated, wherein 
the luciferase gene and the p-galactosidase gene were inserted 
upstream and downstream of RRE, respectively, as reporter genes, a 
splicing donor sequence was inserted upstream of the luciferase gene, 
and a splicing acceptor sequence was inserted downstream of the RRE 
sequence. It was expected that the spliced mRNA would express the 
p"-galactosidase protein and that the unspliced mRNA would express the 
luciferase protein, from this vector. 

Further, in order to examine not only the expression of two 
different genes, but also the regulation of the ratio of their 
expression level by changing the sequence of RRE, 6 types of RRE 
sequence-inserted vectors were generated to determine the expression 
levels of the reporter genes in each of these vectors. 

As a result, it was found that two different types of genes can 
be expressed from a vector containing an RRE sequence, and that 
expression efficiency of two types of genes can be regulated by 
replacement of the RRE sequence. In addition, since two different 
types of genes are expressed in the absence of a packaging vector, 
it was found that present gene expression system may express two types 
of genes independently of the presence of a Rev protein. 

Previously, it was thought that RRE effects depend on Rev 
protein, and that the regulation by Rev/RRE is an "all or nothing" 
situation. Thus, all would be in the spliced form under Rev-, and 
in the non-spliced form under Rev+ . That is, there had been no 
examples in which changing of the RRE sequence results in changes 
in the ratio of splicing. Therefore, the above-mentioned results 
demonstrate for the first time that the ratio of splicing can be 
changed by altering the RRE sequence. 

Furthermore, the present inventors examined whether the 
coexpression system for two types of genes using RRE can be applied 
to an expression system using various promoters other than 5'LTR. 



Other promoters derived from human cytomegalovirus (CMV) and 
promoters derived from mammal cells (EFlcc promoter) were used. As 
a result, it was found that even when promoters other than 5'LTR are 
used, two types of genes can be expressed simultaneously . In addition 
it was found that regulation of the expression level of two types 
of genes was dependent on an RRE sequence. Therefore, the 
coexpression system for two types of genes using RRE was found to 
be widely useful, in expression systems using various promoters. 

In addition, the different expression level of each gene, 
depending on whether the reporter gene is inserted upstream or 
downstream of RRE, was examined. Vectors, in which luciferase and 
p-galactosidase were instituted with each other in a gene transfer 
vector,', were produced to compare the expression levels of two types 
of reporter genes in both vectors. As a result, no differences were 
observed in the expression levels of the reporter genes, whether they 
were inserted upstream or downstream of RRE. 

As mentioned above, the present inventors succeeded in 
generating a novel virus vector that enabled two genes to be 
coexpressed using the RRE sequence and that enabled the regulation 
of the expression ratio of the two genes, owing to the difference 
in the RRE sequence used, thereby completing this invention. 

More specifically, this invention relates to, 

(1) a vector DNA for expressing two foreign genes, said vector DNA 
comprising the following components in order from the 5' side to the 
3' side: 

(a) an expression regulatory sequence; 

(b) a splicing donor sequence; 

(c) a first foreign gene insertion site; 

(d) an RRE core sequence; 

(e) a splicing acceptor sequence; and 

(f) a second foreign gene insertion site; 

(2) a vector DNA for expressing two foreign genes, said vector DNA 
comprising the following components in order from the 5' side to the 
3' side: 

(a) an expression regulatory sequence; 

(b) a splicing donor sequence; 
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(c) an RRE core sequence; 

(d) a first foreign gene insertion site; 

(e) a splicing acceptor sequence; and 

(f) a second foreign gene insertion site; 

5 (3) the vector DNA according to (1) or (2), wherein the RRE core 
sequence is derived from a retrovirus ; 

(4) the vector DNA according to (1) or (2), wherein the RRE core 
sequence is derived from a lentivirus; 

(5) the vector DNA according to (1) or (2), wherein the RRE core 
10 sequence is derived from an immunodeficiency virus; 

(6) the vector DNA according to any one of (1) to (5), wherein the 
expression regulatory sequence comprises an LTR; 

(7) the vector DNA according to any one of (1) to (6), wherein the 
expression regulatory sequence is a sequence comprising an expression 

15 regulatory sequence other than LTR; 

(8) the vector DNA according to (7) , wherein the expression regulatory 
sequence other than LTR is selected from the group consisting of the 
CMVL promoter, the CMV promoter, and the EFla promoter; 

(9) the vector DNA according to any one of (1) to (8), wherein the 
20 splicing donor sequence and the splicing acceptor sequence are derived 

from a retrovirus; 

(10) the vector DNA according to any one of (1) to (8), wherein the 
splicing donor sequence and the splicing acceptor sequence are derived 
from a lentivirus ; 

25 (11) the vector DNA according to any one of (1) to (8), wherein the 
splicing donor sequence and the splicing acceptor sequence are derived 
from an immunodeficiency virus; 

(12) the vector DNA according to any one of (1) to (11) , wherein said 
vector DNA further comprises a packaging signal in a region thereon 

30 that can be transcribed; 

(13) the vector DNA according to (12), wherein the packaging signal 
is derived from a retrovirus; 

(14) the vector DNA according to (12), wherein the packaging signal 
is derived from a lentivirus; 

35 (15) the vector DNA according to (12), wherein the packaging signal 
is derived from an immunodeficiency virus; 



(16) the vector DNA according to any one of (13) to (15), wherein 
said vector DNA is constructed so as not to express a complete gag 
protein; 

(17) the vector DNA according to any one of (13) to (16), wherein 
the translation initiation codon of the gag protein is mutated; 

(18) the vector DNA according to any one of (1) to (17), wherein a 
first foreign gene and a second foreign gene are inserted into said 
vector DNA; 

(19) a retrovirus vector comprising, within a virus particle thereof, 
a transcription product f rom the vector DNA according to any one of 

(12) to (17) , wherein a first foreign gene and a second foreign gene 
have been inserted into said vector DNA; 

(20) a lentivirus vector comprising, within a virus particle thereof, 
a transcription product from the vector DNA according to any one of 

(12) to (17), wherein a first foreign gene and a second foreign gene 
have been inserted into said vector DNA; 

(21) an immunodeficiency virus vector comprising, within a virus 
particle thereof, a transcription product from the vector DNA 
according to any one of (12) to (17), wherein a first foreign gene 
and a second foreign gene have been inserted into said vector DNA; 
and 

(22) a method for preparing a virus vector, said method comprising 
the steps of introducing into a packaging cell the vector DNA according 
to any one of (12) to (17), wherein a first foreign gene and a second 
foreign gene are inserted into said vector DNA, and collecting 
produced virus particles from a culture supernatant of said cell. 

Herein, "virus vector" refers to a virus particle containing 
packaged nucleic acid molecules for expression of foreign genes in 
a host. 

According to this invention, the vector DNA, comprising (a) an 
expression regulatory sequence, (b) a splicing donor sequence, (c) 
a first foreign gene insertion site, (d) an RRE core sequence, (e) 
a splicing acceptor sequence, and (f ) a second foreign gene insertion 
site in this order, is used for expressing two foreign genes (note: 
elements (c) and (d) may be interchanged) . 

Once inserted into this vector DNA, two foreign genes can be 
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coexpressed, depending on whether spliced or not. The theory 
underlying the invention is described as follows. 

Once the vector DNA to which two foreign genes have been inserted 
is introduced into an appropriate host cell, a transcription product, 
5 comprising in order: a splicing donor sequence, a first foreign gene, 
an RRE core sequence, a splicing acceptor sequence, and a second 
foreign gene, is produced due to the activation of an expression 
regulatory region . From this transcript ion product , if splicing does 
not occur between the splicing donor sequence and the splicing 
10 acceptor sequence, mRNA encoding only the first foreign gene is 
produced. Because the ribosome that translated the first foreign 
gene encoded in the mRNA leaves the RNA due to the stop codon of the 
first foreign gene, translation of the second gene will not occur. 
On the other hand, when splicing occurs between the splicing donor 
15 sequence and the splicing acceptor sequence, mRNA from which only 
the second foreign gene can be translated is produced by deletion 
of a region containing the first foreign gene. Therefore, two gene 
products can be expressed in the host cell to which the vector DNA 
was inserted due to the presence or absence of this splicing. 
20 The type of expression regulatory sequence used on the vector 

DNA of this invention is not limited to LTR. However, for use of a 
virus vector as follows, a reverse transcribed virus genome must 
function to be incorporated itself into a chromosome of a host upon 
infection of a virus to a target cell. As examples of expression 
25 regulatory sequence carrying such a function other than LTR, chimeric 
promoters composed with LTR and other promoters, described in the 
examples, can be given. 

The use of a normal combination of splicing donor sequence and 
acceptor sequence as those to be applied to the vector DNA of this 
30 invention is not preferred since splicing will occur with a nearly 
100% efficiency. In the present invention, the sequence is suitable 
wherein two or more types of proteins express from one type of RNA 
by the difference in splicing. Generally, it is known that there are 
many such sequences in retroviruses (A. B. Rabson and B. J. Graves, 
35 "Synthesis and Processing of Viral RNA", in "Retroviruses", pp. 
205-262 (1997) eds . J. M. Coffin, S. H. Hughes, and H . E. Varmus, 
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Cold Spring Harbor Laboratory Press) . Examples include the region 
from base 6964 to base 8177 in the genomic sequence of SIVagm TYOl, 
shown in SEQ ID NO: 76. 

The first foreign gene insertion site in the vector DNA of the 
5 present invention should be positioned between the splicing donor 
sequence and the splicing acceptor sequence. The first foreign gene 
insertion site can be produced by inserting an appropriate restriction 
enzyme site that does not inhibit the translation of a target gene. 
The second foreign gene insertion site can be produced by inserting 

10 an appropriate restriction enzyme site so that it is positioned 
between the splicing acceptor sequence and poly-A addition signal. 
As long as the expression of the first foreign gene is not inhibited, 
an RRE sequence may be positioned at the 5' side or the 3' side of the 
insertion site of the first foreign gene. 

15 There are no particular restrictions on the combination of first 

and second foreign genes. Examples of combinations of two types of 
genes that are considered useful are shown below. 

a) A therapeutic gene and a drug resistant marker 

By selecting only the therapeutic transgenic cells using the 
20 appropriate agent in vivo, nontransgenic cells are decreased while 
transgenic cells are increased. 

b) A therapeutic gene and a growth factor or its receptor 

By stimulating the growth of therapeutic transgenic cells, only 
the transgenic cells can be selectively proliferated to enhance the 
25 therapeutic effect. 

c) A therapeutic gene and a homing receptor 

For the specific delivery of therapeutic transgenic cells to 
the desired site, a homing receptor is coexpressed, such as an AIDS 
therapeutic gene and a homing receptor for lymph nodes . 
30 d) A therapeutic gene and a marker gene 

The dynamics and half-life of a therapeutic transgenic cell with 
a marker may be constantly monitored. If a protein can be detected 
extracorporeally, constant extracorporeal monitoring of transgenic 
cells may be performed. 
35 e) Expression of a protein consisting of two types of subunits 

It has been elucidated that various proteins form heterodimers . 
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Since the vector DNA of the present invention enables such proteins 
to be expressed, the choice of therapeutic genes will expand beyond 
those available in the past. 

f) Expression of two types of interacting genes 
5 A pair of a ligand and a receptor, a pair of an enzyme and its 

substrate, a pair of a signal transduction molecule and its receptor, 
and such can be expressed. For example, coexpression of a growth 
factor and its receptor can increase the number of transgenic cells 
remarkably . 

10 g) Expression of two types of genes having synergistic effect 

In various signal transduction systems, synergistic effects, 
for example, synergistic effects occurred by stimuli from two types 
of ligands, are often observed due to activation of multiple signal 
transduction systems. By expression of two types of genes having such 

15 effect, therapeutic effect may be elevated. 

In addition, splicing efficiency of the transcription product 
can be regulated by modifying the RRE sequence on the vector DNA of 
present invention, and thus, the quantitative ratio of two gene 
products expressed in the host cells can be regulated. Furthermore, 

20 the amount of the gene product itself can be regulated. 

For example, as indicated in Figure 8, the expression ratio of 
the first foreign gene can be elevated by using c/SA or c/tr sequence 
as a RRE sequence; conversely, expression ratio of the second foreign 
gene can be elevated by using c/c or c/x sequence as a RRE sequence. 

25 In addition, as shown in Figure 8, the expression level itself of 
the foreign gene can be altered by using different RRE sequences. 
Various advantages exist in the regulation of expression level of 
foreign genes. For example, as optimal expression levels exist for 
expression levels of two types of gene products when expressing them 

30 in gene therapy, therapeutic effect may be elevated by regulation 
to the optimal expression levels via control of the quantitative ratio. 
For example, for a heterodimer, the expression of each polypeptide, 
subunits of a heterodimer, in a quantitative ratio of 1:1 is thought 
to be most efficient, while for an enzyme and a substrate, it is thought 

35 that efficiency will rise if the amount of enzyme is reduced and that 
of substrate is increased. 



The method for introducing the vector in vivo of present 
invention can be performed as described below, for example. 

a) Administering a DNA itself 

Since administration to muscle cells can be performed with DNA 
alone, DNA itself may be administered as a vector. 

b) Administering a nonviral vector 

DNA may be administered in the form of a complex with a 
synthesized compound for transf ection, such as lipof ectamine or 
polycationic liposome. 

c) Administering a viral vector 

DNA may be administered via insertion into a DNA-type viral 
vector, such as an adenovirus. 

For producing a virus particle packaged with the vector DNA of 
the present invention, a packaging signal is required in a region 
on the vector DNA that can be transcribed. As long the region 
containing the packaging signal as possible should be inserted into 
the vector so as to maintain the structure formed by the packaging 
signal sequence. On the other hand, to suppress the generating 
frequency of a wild-type virus due to recombination between the 
packaging signal and the packaging vector on the vector DNA, overlap 
of sequences between these vectors should be kept to a minimum. 
Therefore, in generating the vector DNA of this invention, it is 
preferable to use a sequence that contains the necessary sequence 
for packaging but, at the same time, is as short a sequence as possible, 
so that both packaging efficiency and safety are maximized. 

As a packaging signal, there is no limitation, so long as the 
packaging vector is packaged by the transf ected cell. Thus, 
retrovirus-derived, lent ivirus-derived, immunodeficiency 

virus-derived signals, and such can be used, depending on the type 
of packaging vector. 

For example, when using a packaging vector derived from SIVagm 
as described in the examples, signals that can be used will be derived 
from only SIV, since HIV vector is not packaged. However, when an 
HIV-derived packaging vector is used, because SIV-derived gene 
transfer vector is also packaged, a different lentivirus-derived gene 
transfer vector and packaging vector may be combined to produce a 
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vector particle in order to reduce the generation frequency of 
recombined viruses . In this case, a combination between lentiviruses 
of primates (e.g., HIV and SIV) is preferred. 

In the vector DNA of this invention, alteration for preventing 
5 the expression of a gag protein is preferred. Viral gag protein can 
be recognized as a foreign substance in vivo, thereby resulting in 
antigenicity. It may also affect cell function. Therefore, in the 
gene transfer vector of this invention, it is preferred that gag 
protein is altered to prevent the expression. 

10 To prevent the expression of the gag protein, a modification 

can be carried out to cause a frame shift by deletion, addition, and 
such of bases downstream of the initiation codon of gag. In addition, 
partial deletion of a gag protein-coding region is preferred. For 
packaging of viruses, the 5' side of the gag protein-coding region 

15 is considered to be necessary. Therefore, the gene transfer vector 
of this invention is preferred have the C-terminal region of the gag 
protein-coding region deleted therefrom. Preferably, the gag-coding 
region that is deleted is as wide as possible, without having a large 
effect on packaging efficiency. Specifically, the region 3' side 

20 downstream of 150 bp of the gag-coding region can be deleted. In 
addition, replacement of the gag protein initiation codon (ATG) to 
a codon other than ATG is also preferred. A codon to be replaced is 
preferably one that has little effect on packaging efficiency. By 
introducing the vector DNA of this invention, having a packaging 

25 signal constructed as above, into an appropriate packaging cell , virus 
vectors can be produced. The produced virus vectors can be collected 
from the culture supernatant of the packaging cells. 

There are no limitations on cells to be used as packaging cells, 
as long as they are cell lines generally used to produce viruses. 

30 For applications in gene therapy for human, the appropriate origin 
of the cell may be human or monkey. Human cell lines that may be used 
as packaging cells are, for example, 293 cells, 293T cells, 293EBNA 
cells, SW480 cells, u87MG cells, HOS cells, C8166 cells, MT-4 cells, 
Molt-4 cells, and such. Examples of monkey-derived cell lines are 
35 COS1 cells, COS7 cells, CV-1 cells, BMT10 cells, and such. 

Because they enable integration of genes into non-dividing 
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cells, the vectors of this invention, produced based on lentiviruses 
such as HIV, SIV, and FIV, contribute to elevation of effectiveness 
of gene therapy beyond the limitations of the conventional gene 
therapy by retroviral vectors. That is, integration of various 
5 therapeutic genes to chromosomes of non-dividing cells becomes 
possible by the vectors of this invention. 

This invention may also be applied to gene therapy of various 
genetic diseases. Examples of targeted diseases and their causative 
gene for gene insertion into a chromosome are as follows: 

10 (3-cerebrosidase gene (chromosome 20) for Gaucher' s disease, blood 
coagulation factor 8 (X chromosome) and blood coagulation factor 9 
(chromosome X) for hemophilia, adenosine deaminase gene for adenosine 
deaminase deficiency, phenylalanine hydroxylase gene (chromosome 12) 
for phenylketonuria, dystrophin gene (chromosome X) for Duchenne 

15 dystrophy, LDL receptor gene (chromosome 19) for familial 
hypercholesterolemia, CFTR gene for cystic fibrosis, and such. The 
targeted disease in which other multiple genes are thought to be 
involved include neurodegenerative diseases such as Alzheimer's 
disease and Parkinson's disease, ischemic encephalopathy, dementia, 

20 and intractable infection such as AIDS. A treatment to inactivate 
the HIV transcription factor may be considered, wherein an SIV based 
vector of this invention is worked in vitro into a hematopoietic stem 
cell removed from an AIDS patient extracellularly , for increasing 
the transcription of SIV-derived genome prior to HIV infection, and 

25 the transfected cell is returned to the patient's body. Furthermore, 
examples of applications possible for chronic diseases include: 
suppression of the expression of VEGF and FGF2 genes for ischemic 
heart disease, and suppression of the expression of cell proliferation 
related genes, such as cell proliferation factors (PDGF, TGF-|3, etc. ) 

30 and cyclin-dependent kinase, for gene therapy of arteriosclerosis. 
In addition, for diabetes, the BDNF gene may be a candidate. 
Furthermore, this method can be applied to substitution therapy, in 
which a gene such as a cancer suppressor gene, p53, whose genetic 
mutation causes canceration, is integrated into the chromosome, and 
35 this method enables treatment beyond the limitation of cancer 
pharmacotherapy by introducing a multiple-drug-resistant gene into 
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bone marrow-derived hematopoietic stem cells in vitro and, then, by 
returning these cells into patient's blood. Regarding gene therapy 
of autoimmune diseases such as multiple sclerosis, chronic rheumatoid 
arthritis, SLE, and glomerulonephritis, expression suppression by 
5 antisense expression of T-cell receptors, various adhesion factors 
(for example, ICAM-1, LFA-1, VCAM-1, and LFA-4 etc.)/ cytokines and 
cytokine receptor (for example, TNF, IL-8, IL-6, and IL-1 etc.) cell 
proliferation factors (for example, PDGF, and TGF-(3 etc.), and 
activation factors (for example, MMP etc.) become possible. 

10 Regarding gene therapy of allergic diseases, expression suppression 
by antisense expression of IL-4, FceR-I, and such becomes possible. 
Regarding gene therapy relating to organ transplantation, the 
elevation of success percentage of a xenotransplant becomes possible 
by changing the histocompatibility antigen of a non-human animal donor 

15 to a human-type . Furthermore, treatment by introducing foreign genes 
into the chromosome of human ES cells, thus making up the deficient 
genes at the embryonic stage to supplement deficiencies of 
systemically circulating enzymes, growth factors, and such may be 
cons idered . 

20 

Brief Description of the Drawings 

Figure 1 is a diagram showing an outline of a lentivirus vector 
system using the monkey immunodeficiency virus clone SIVagmTYOl. 

Figure 2 is a structural diagram of the SIVagm gene transfer 
25 vector in which the U3 region, 5' LTR promoter sequence, was 
substituted with other promoter sequence. 

Figure 3 is a diagram showing the structure of the SIVagm gene 
transfer vector, in which the U3 region of 3' LTR has been substituted 
with other promoter sequences, and the structure of U3 promoter region 
30 of 5' LTR that is expected to be produced as a result of reverse 
transcription of the vector in target cells. 

Figure 4 is a conceptual diagram of a method for identifying 
a packaging signal for the gene transfer vector. 

Figure 5 is a conceptual diagram of a method for identifying 
35 a packaging signal, using a mutant produced by point mutation at the 
position of translation initiation codon for gag protein in the gene 
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transfer vector. 

Figure 6 is a structural diagram of vector for the coexpression 
of two genes using RRE. Upstream and downstream of RRE, the lucif erase 
gene and fj-galactosidase gene are inserted as reporter genes, 
5 respectively. Further a splicing donor sequence is inserted upstream 
of the luciferase gene and a splicing acceptor sequence is inserted 
downstream of the RRE. Two types of mRNA are produced from the vector 
depending on the presence or absence of the splicing event. 

Figure 7 is a structural diagram of vectors having various RRE 
10 sequences. 

Figure 8 shows a result obtained by the measurement of 
expression levels of the two genes on the vectors having the 5'LTR 
as a promoter and various RRE sequences. 

Figure 9 shows gene expression in the two-gene coexpression 
15 system constructed with various types of promoters except the 5' LTR 
in the panel. Human cytomegalovirus (CMV) -derived promoter and 
mammalian cell-derived promoter (EFla promoter) were used as the 
promoters. A structural diagram for the vector is shown in the lower 
panel . 

20 Figure 10 shows two gene coexpression vectors, wherein its 

reporter genes [3-galactosidase and luciferase are substituted with 
each other or not (lower panel) . Both are SIVagm gene transfer vectors 
and containing RRE6/s (6964-7993) sequence. The graph shows a result 
of comparison of expression levels between two reporter genes on each 

25 vector. 

Figure 11 shows photographs obtained with a fluorescence 
microscope for the expression of the EGFP gene introduced using the 
SIVagm SIN vector, into 293T cells in arrested state at G2-M phase 
(A) and into SH-SY5Y cells in which differentiation had been induced 

30 by retinoic acid (B) . 

Figure 12 shows diagrams analyzing by flow cytometry the 
expression of the EGFP gene introduced into human PBMC using the SIVagm 
vector. The longitudinal axis indicates the cell count and the 
horizontal axis indicates fluorescence intensity corresponding the 

35 expression level of EGFP . The cells in the area of Ml are EGFP positive, 
and the numerical value in the diagram represents the EGFP-posit ive 
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percentage ( % ) . 

Figure 13 shows diagrams analyzing by flow cytometry the 
expression of EGFP gene introduced into T cells derived from human 
PBMC using the SIVagm vector . 
5 Figure 14 shows diagrams analyzing by flow cytometry the 

expression of EGFP gene introduced into CD34 positive cells derived 
from human bone marrow using the SIVagm vector. The analysis was 
performed with a series of two colors corresponding to EGFP and PE 
to determine the EGFP-pos it ive ratio. The cells in the R2 area are 

10 GFP positive, and the numerical value in the diagram represents the 
EGFP-positive percentage (%) . 

Figure 15 is a diagram analyzing by flow cytometry the 
expression of the EGFP gene introduced into CD34 positive cells 
derived from human umbilical blood using the SIVagm vector. 

15 Figure 16 shows diagrams analyzing by flow cytometry the 

expression of the EGFP gene introduced into CD34 positive cells 
derived from cynomolgus monkey bone marrow using the SIVagm vector. 

Figure 17 shows diagrams analyzing by flow cytometry the 
percentage of the human cells in the peripheral blood five and six 

20 weeks after human umbilical blood-derived CD34 positive cells into 
which the EGFP gene had been introduced using the SIVagm vector were 
transplanted in NOD/SCID mice. The human lymphocytes were stained 
with a PE-labeled anti-human CD45 antibody in mouse peripheral blood 
leukocytes, followed by the two-color analysis with EGFP. UL, UR, 

25 LL and LR represent upper left, upper right, bottom left and bottom 
right areas in each diagram, respectively. Cells in UL and UR areas 
are CD45 positive, and those in UR area are both of CD45 and EGFP 
positive. The numerical value in the diagram represents percentage 
(%) of the number of cells contained in each area relative to the 

30 total cell count. 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
reference to Examples, but should not be limited thereto. 

35 

[Example 1] Generation of SIVagm vector and the verification of its 
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performance 

Generation of novel lentivirus vector was carried out as follows, 
using SIVagmTYOl, which is a nonpathogenic immunodeficiency virus 
clone derived from monkey. The outline of vector system is shown in 
5 Figure 1 . 

SIVagmTYOl comprising a clone of nonpathogenic 
immunodeficiency virus derived from African green monkey was used 
in the generation of vector system. Hereinafter, all nucleotide 
numbers are indicated with the transcription initiation site of the 

10 virus RNA as +1. pSA212 (J. Viol., vol . 64 , pp307-312, 1990) was used 
as a plasmid, in which SIVagmTYOl had been inserted. Further, all 
ligation reactions were carried out using a Ligation High (Toyobo) 
according to the attached instruction. 
a. Generation of a packaging vector 

15 First, a DNA fragment corresponding to a region (5337-5770) 

containing vif and the first exon of tat/rev was obtained by PCR using 
pSA212 as a template and using primers IF (SEQ ID NO: 1) and 1R (SEQ 
ID NO: 2) . The DNA fragment having an EcoRI site at the 3' end thereof 
was prepared by designing the PCR primer to contain EcoRI restriction 

20 enzyme site. After digested with Bglll and EcoRI, the PCR fragment 
was purified by agarose gel electrophoresis and Wizard PCR Preps DNA 
Purification System (Promega) . The DNA fragment resulting from the 
above procedure, together with a DNA fragment encoding the gag/pol 
region (containing the region from the Xhol site (356) to the Bglll 

25 site (5338)), were ligated at the XhoI-EcoRI site in pBluescript KS + 
( Stratagene) . Then, PCR amplification was performed for a DNA 
fragment corresponding to the region containing Rev responsive 
element (RRE) and the second exon (6964-7993) of tat/rev. In a similar 
manner as described above for the PCR fragment, PCR was carried out 

30 using pSA212 as a template and using primers 2F (SEQ ID NO: 3) and 
2R (SEQ ID NO: 4) for addition of a NotI site at the 3' end. After 
digested with EcoRI and NotI, the DNA fragment was purified and 
inserted at the EcoRI-NotI site of pBluescript KS+ in which 
gag-tat/rev had already been inserted. 

35 Further, DNA fragments containing a splicing donor (SD) site 

were synthesized (sequence 3F (SEQ ID NO: 5) and 3R (SEQ ID NO: 6) ) . 
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At the synthesis, an Xhol site and a Sail site were integrated at 
the 5' and 3' ends of the DNAs , respectively, and then the DNA was 
inserted at the Xhol site in the above pBluescript KS+ inserted 
gag-RRE-tat/rev. The resulting plasmid was digested with Xhol and 
5 NotI, and the fragment containing the region from SD to tat/rev was 
purified. Then the fragment was inserted at XhoI-NotI site in a 
plasmid pCAGGS (Gene, vol. 108, ppl93-200, 1991) inserted an XhoI/NotI 
linker (sequence 4F ( SEQ ID NO: 7) and 4R (SEQ ID NO: 8)) already 
at the EcoRI site. The plasmid obtained via the above method was used 
10 as a packaging vector (pCAGGS/SIVagm gag-tat/rev) . 
b. Generation of gene transfer vector 

PCR amplification was conducted using pSA212 as a template and 
using primers 5-1F (SEQ ID NO: 9) and 5-1R (SEQ ID NO: 10) for 
SIVagmTYOl-derived 5'LTR region (8547-9053+1-982, which was added 
15 Kpnl site at the 5' end and EcoRI site at the 3'' end) ; primers 5-2F 
(SEQ ID NO: 11) and 5-2R (SEQ ID NO: 12) for RRE (7380-7993, which 
was added EcoRI site at the 5' end and SacII site at the 3' end) ; 
or primers 5-3F (SEQ ID NO: 13) and 5-3R (SEQ ID NO: 14) for 3'LTR 
(8521-9170, which was added NotI and BamHI sites at the 5' end, and 
20 SacI site at the 3' end) . CMV promoter and EGFP encoding region 
(1-1330; which was added SacII site at the 5' end, and added NotI 
site and BamHI site as well as a translational stop codon at the 3' 
end) derived from pEGFPC2 (Clontech) was amplified by PCR using 
primers 6F (SEQ ID NO: 15) and 6R (SEQ ID NO: 16), and pEGFPC2 as 
25 a template. The four types of PCR fragments were respectively 
digested with a pair of restriction enzymes of Kpnl and EcoRI, a pair 
of EcoRI and SacII, a pair of BamHI and SacI, and a pair of SacII 
and BamHI, followed by purification. Then, they were ligated in the 
order of 5' LTR, 3'LTR, RRE and CMV promoter EGFP prior to the insertion 
30 between KpnI-SacI site of pBluescript KS+ 

(pBS/5 ' LTR . U3G2 /RREc/ s / CMVFEGFP/WT3 ' LTR) . When p-galactosidase 
was used as a reporter gene, the DNA fragments containing the 5'LTR 
region and 3' LTR region respectively were prepared by PCR as described 
above. After digestion with a pair of restriction enzymes Kpnl and 
35 EcoRI and a pair of NotI and SacI respectively, the DNA fragments 
were purified, and then inserted at the KpnI-EcoRI site and the 
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Notl-SacI site of pBluescript KS+, respectively (pBS/5' LTR. U3G2/WT3' 
LTR) . A NotI fragment containing the region encoding fi-galactosidase 
of pCMV-beta (Clontech) (820-4294) was inserted into the plasmid at 
the NotI site (pBS/5' LTR . U3G2 /beta-gal/WT3 ' LTR) . Then, an RRE 
5 sequence (6964-8177; which was added EcoRI site at the 5' end and 
added NotI site at the 3' end) , which had been amplified by PCR using 
primers 7-1F (SEQ ID NO: 17) and 7-1R (SEQ ID NO: 18) as well as using 
pSA212 as a template, was inserted at the EcoRI-NotI site in plasmid 
pBS/5' LTR. U3G2/beta-gal/WT3' LTR (pBS/5' 

10 LTR . U3G2 /RRE6/t r /beta-gal /WT3 ' LTR) . The RRE sequence was cut out 
with EcoRI and Nhel prior to the insertion of the RRE sequence 
(7380-7993; which was added EcoRI site at the 5' end and added Nhel 
site at the 3' end) , which had been amplified by PCR using primers 
7-2F (SEQ ID NO: 19) and 7-2R (SEQ ID NO: 20) as well as using pSA212 

15 as a template. After the resulting plasmid (pBS/5' 

LTR. U3G2/RREc/s/beta-gal/WT3' LTR) was digested with Nhel and Smal 
andblunted, a CMV promoter region (8-592; blunted Asel-Nhel fragment) 
derived from pEGFPN2 (Clontech) was inserted therein (pBS/5' 
LTR. U3G2 /RREc/s/CMVFbeta-gal/WT3 ' LTR) . All blunting reactions 

20 were performed using a Blunting High (Toyobo) according to the 
attached instruction. The plasmids pBS/5' 

LTR.U3G2/RREc/s/CMVFEGFP/WT3' LTR and pBS/5' 

LTR. U3G2/RREc/s/CMVFbeta-gal/WT3' LTR were digested with Kpnl and 
SacI respectively to provide DNA fragments containing the region 

25 between 5' LTR-3 ' LTR. The fragments were inserted into pGL3 Control 
vector (Promega) at the KpnI-SacI site for use as a gene transfer 
vector (pGL3C/5' LTR . U3G2 /RREc/s /CMVFbeta-gal or EGFP/WT3 ' LTR) . 
For the identification of packaging signal, the 5' LTR region was cut 
off with Kpnl and EcoRI frompBS/5' LTR . U3G2 /RREc/ s /CMVFbeta-gal /WT3 ' 

30 LTR plasmid, and a variety of DNA fragments were prepared for each 
containing a region of different length by PCR using a primer 8F (SEQ 
ID NO: 21) and a series of primers 8-1R tol2R (SEQ ID NOs : 22-33) 
as well as using pSA212 as a template. Each of the 12 types of the 
resulting DNA fragments were inserted at the KpnI-EcoRI site in the 

35 plasmid described above. The resulting vectors were used for the 
identification . 
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Further, a vector into which a frame shift was introduced in 
the region encoding gag polypeptide was obtained by inserting a DNA 
fragment prepared by PCR using 8-FSF (SEQ ID NO: 34) and 8-FSR (SEQ 
ID NO: 35) and using pSA212 as a template, into EcoRI site of a vector 
5 in which a DNA fragment prepared by PCR using primers 8F (SEQ ID NO: 
21) and 8-3R (SEQ ID NO: 24) and using pSA212 as a template had been 
inserted at the KpnI-EcoRI site. A vector into which a point mutation 
had been introduced at the translation initiation codon (ATG) of the 
gag polypeptide was obtained by insertion of a DNA fragment prepared 

10 by PCR using 8-FSF (SEQ ID NO: 34) and 8-FSR (SEQ ID NO: 35) and using 
pSA212 as a template, into EcoRI site of a vector in which a DNA fragment 
prepared by PCR using a primer 8F (SEQ ID NO: 21) and a series of 
primers 8-PMR1 to 9 (SEQIDNOs: 36 to 44) and using pSA2 12 as a template 
had been inserted at the KpnI-EcoRI site. 

15 a typical method for verifying the performance of vectors is 

described as follows. 293T cells are plated on a 6-well plastic plate 
(Sumitomo Bakelite) at a cell density of 5x 10 5 per well and then 
cultured in a C0 2 incubator (at 37 °C in an atmosphere of 10% C0 2 gas) 
for 48 hours. After the cultivation, the culture medium is changed 

20 to 800 \xl/ well of OptiMEM for transf ection . The amounts of DNA to 
be used per well are 300 ng for gene transfer vector, 600 ng of packaging 
vector and 100 ng of VSV-G expression vector (pHCMV-G, Methods in 
Cell Biology, vol.43, pp99-112, 1994) . The DNAs are dissolved in 100 
\xl of OptiMEM and then 6 jil of PLUS reagent is added thereto. After 

25 the mixture is stirred and allowed to stand at room temperature for 
15 minutes, a 4 [il aliquot of LI POFECTAMINE diluted with 100 [xl of 
OptiMEM is added to the mixture, followed by the further stirring 
and placement at room temperature for another 15 minutes. The 
resulting solution containing the complex of DNA and LI POFECTAMINE 

30 prepared by the above method is instilled to 293T cells cultured in 
wells of a 6-well plate and stirred gently, followed by cultivation 
in a C0 2 incubator (at 37°C in an atmosphere of 10% C0 2 gas) for 3 
hours. After the incubation, 1 ml/well of D-MEM containing 20% 
inactivated fetal bovine serum is added to the mixture, and then 

35 cultivated in an atmosphere of 10% C0 2 gas in a C0 2 incubator at 37 °C 
for 12 hours. Then, the medium of the mixture is changed to 2 ml/well 
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of D-MEM containing 10% inactivated fetal bovine serum, followed by 
the cultivation for 2 4 hours. The supernatants of cell culture are 
filtered with a filter of pore size of 0.45 \xm ( DISMIC-2 5CS filter ; 
ADVANTEC) for the assay. 
5 In the case of the preparation of a concentrated stock, 293T 

cells are first plated on a 15-cm plastic plate (Sumitomo Bakelite) 
at a cell density of 2 . 5x 10 6 cells per well followed by cultivation 
in a C0 2 incubator (at 37 °C in an atmosphere of 10% C0 2 gas) for 48 
hours. Then, the culture medium is changed to 10 ml/ well of OptiMEM 

10 for the transf ect ion . The DNAs to be used per well are 6 ^.g gene 
transfer vector, 3 \iq packaging vector, and 1 ^g VSV-G expression 
vector (pHCMV-G) . After the DNAs are dissolved in 1.5 ml of OptiMEM, 
40 \xl PLUS reagent is added thereto, and then stirred and allowed 
to stand still at room temperature for 15 minutes. A 60 \il aliquot 

15 of LIPOFECTAMINE diluted with 1 ml of OptiMEM was added to the mixture, 
followed by stirring and placement at room temperature for another 
15 minutes. The solution containing the complex of DNA and 
LIPOFECTAMINE prepared by the above method is instilled to 293T cells 
cultured in wells of 6-well plate and stirred gently, followed by 

20 the cultivation in an atmosphere of 10% C0 2 gas in a C0 2 incubator 
at 37 °C for 3 hours. After the incubation, 10 ml/plate of D-MEM 
containing 20% inactivated fetal bovine serum is added to the mixture, 
and then incubated in an atmosphere of 10% C0 2 gas in a C0 2 incubator 
at 37 °C for 12 hours. Then, the medium of the mixture is changed to 

25 20 ml/plate of D-MEM containing 10% bovine fetal serum, followed by 
the further cultivation for 24 hours. The supernatants of cell 
culture are filtered with a filter of pore size of 0.45 \xm and 
concentrated to 100 times by ultrafiltration through cent r if ugat ion 
in a Centriplus YM-100 (Amicon) at 4°Cat 3000 g for 17 0 minutes . The 

30 concentrated sample is stored at -80°C to use for the assay. 

The efficiency of gene transfer for the SIVagm virus vector 
prepared above can be determined using the human 293T cell line, etc. 
In addition, the efficiency of gene transfer in a particular phase 
of cells cycle can be evaluated by aphidicolin treatment (arrest at 

35 Gl-S phase) or X-ray irradiation (arrest at G2-M phase) as described 
below . 
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Further, it is possible to determine whether or not the SlVagm 
vector can be introduced into cells in a state closer to a 
physiological one, when the introduction experiment is conducted by 
using a variety of cells. Such cells include, for example, the cells 
5 in which differentiation is induced by the treatment of human 
neuroblast cell line RBTM1 and SH-SY5Y with all-trans retinoic acid, 
and primary culture of rat brain cells {infra), etc. 

[Example 2] Modification of 5'LTR 

10 The transcriptional activity of 5'LTR from lentivirus is 

generally depends on the presence of Tat protein, which is a 
virus-derived factor. Thus, to eliminate the Tat dependence as well 
as to enhance the vector titer by the replacement with a promoter 
sequence having stronger transcriptional activity, an SIVagm gene 

15 transfer vector was generated, in which the U3 region that is a 
promoter sequence of the 5'LTR was replaced with another promoter 
sequence (Figure 2) . 

The replacement of the 5'LTR with a chimeric promoter was 
achieved as follows. A fragment containing a region between 

20 downstream of TATA box on the 5 ' LTR to the gag region (9039-9170 + 1-982) 
was amplified by PCR using a series of primers 9-1F to 3F (SEQ ID 
NOs : 45-47) and a primer 9R (SEQ ID NO: 48) as well as using pSA212 
as a template. Further, fragments each containing CMVL promoter 
(derived from pCI (Promega); 1-721), CMV promoter (derived from 

25 pEGFPN2 (Clontech); 1-568), EFla promoter (nucleotides 2240-2740 
from pEF-BOS (Nucleic Acids Research, vol.18, p5322, 1990)), and CA 
promoter (nucleotides 5-650 from pCAGGS) were amplified by PCR, 
respectively, using a pair of primers 10-1F (SEQ ID NO: 49) and 10-1R 
(SEQ ID NO: 50) as well as using pCI as a template; a pair of primers 

30 10-2F (SEQ ID NO: 51) and 10-2R (SEQ ID NO: 52) as well as using pEGFPN2 
as a template; a pair of primers 10-3F(SEQ ID NO: 53) and 10-3R(SEQ 
ID NO: 54) as well as using pEF-BOS as a template; and a pair of primers 
10-4F (SEQ ID NO: 55) and 10-4R ( SEQ I D NO : 56) as well as using pCAGGS 
as a template. After the amplification, the fragment containing 

35 5'LTR was mixed with each of the above fragments containing each 
promoters. The primer (10-1F(SEQ ID NO: 49), 10-2F(SEQ ID NO: 51), 
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10-3F(SEQ ID NO: 53), or 10-4F(SEQ ID NO: 55)) corresponding to the 
5' end of each promoter and the primer corresponding to the 3' end 
of 5'LTR (9R) were added thereto, and then, PCR was performed with 
another 10 cycles to obtain DNA fragments of chimeric promoter 
5 consisting of each of the four types of promoters and 5'LTR. The 
resulting DNA fragments were inserted into a gene transfer vector 
(pGL3C/5' LTR.U3G2/RREc/s/CMVFbeta-gal/WT3' LTR) at the KpnI-EcoRI 
site (pGL3C/CMVL.U3G2/RREc/s/CMVFbeta-gal/WT3' LTR, 

pGL3C/CMV.U3G2/RREc/s/CMVFbeta-gal/WT3' LTR, pGL3C/EFla. 

10 U3G2/RREc/s/CMVFbeta-gal/WT3' LTR, 
pGL3C/CAG.U3G2/RREc/s/CMVFbeta-gal/WT3' LTR) . 

[Example 3] Modification of 3 ' LTR 

In a lentivirus vector, as the U3 region, a promoter sequence, 

15 which is contained in the 3' LTR region, is integrated in the U3 
promoter region of 5' LTR at the time of reverse transcription in target 
cells. It is found that the U3 region contained in the 3' LTR region 
of a gene transfer vector plasmid becomes the U3 promoter in 5'LTR 
participating in gene expression in the genome of target cells (Figure 

20 3) . Thus, SIVagm gene transfer vectors were prepared, in which the 
U3 region of 3' LTR was replaced with other promoter sequences that 
may be evaluated to determine whether or not the promoter, which 
relates in gene expression in target cells, can be replaced with other 
promoters other than the U3 sequence (Figure 3) . In addition, SIVagm 

25 gene transfer vectors were prepared, in which the U3 region of 3' 
LTR was deleted, which may be evaluated to determine whether or not 
the promoter sequence on the 5'LTR in target cells can be deleted. 

The modification and deletion of the U3 promoter sequence of 
3' LTR was achieved as follows. A DNA fragment without U3 of 3' LTR 

30 was amplified by PCR using primers 11F (SEQ ID NO: 57) and 11R (SEQ 
ID NO: 58) and using pSA212 as a template. Further, 3'LTRs, in which 
the U3 region had been replaced with other promoters, were amplified 
by PCR using a series of primers 12-1F to 3F (SEQ ID NOs : 59-61) and 
a primer 12R (SEQ ID NO: 62) as well as using, as a template, each 

35 of vector plasmids, in which the chimeric promoter obtained by the 
method as described in Example 2 had been inserted, 
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pGL3C/CMVL. U3G2/RREc/s/CMVFbeta-gal/WT3' LTR, pGL3C/EFla. 

U3G2/RREc/s/CMVFbeta-gal/WT3' LTR, and 

pGL3C/CAG. U3G2/RREc/s/CMVFbeta-gal/WT3' LTR . The resulting DNA 
fragments provided by PCR were digested with Sail and SacI, purified, 
5 and inserted into pGL3C/CMVL . U3G2/RREc/s/CMVFbeta-gal/WT3 ' LTR at 
the Sall-SacI site 

(pGL3C/CMVL. U3G2/RREc/s/CMVFbeta-gal/3LTRdeltaU3, 
pGL3C/CMVL . U3G2/RREc/s/CMVFbeta-gal/CMVL . R, 

pGL3C/CMVL.U3G2/RREc/s/CMVFbeta-gal/EFla. R, and 

10 pGL3C/CMVL.U3G2/RREc/s/CMVFbeta-gal/CAG.R) , respectively. 

[Example 4] Identification of packaging signal 

Packaging of a gene transfer vector into vector particles 
requires a packaging signal that is a cis-acting element on the gene 

15 transfer vector and a trans-acting protein produced by the packaging 
vector. Since enhancement of packaging efficiency of the vector can 
be predicted to cause the enhancement of its titer, it is necessary 
to insert into the vector as a long region comprising the packaging 
signal as possible so as to keep the structure formed by the packaging 

20 signal sequence. On the other hand, probability of the generation 
of wild-type virus, which may be caused by the recombination between 
sequence of packaging signal of the gene transfer vector and packaging 
vector, can be minimized by minimizing the overlap between them. Thus 
it is necessary to identify the minimal region required for the 

25 packaging. Accordingly, the accurate identification of the minimal 
packaging signal sequence is necessary for the efficient packaging 
of gene transfer vector to construct the vector system. Such 
identification of packaging signal can be achieved by the method as 
shown in Figure 4 . 

30 Whether the polypeptide expressed from the gag region or the 

DNA sequence per se in the gag region is required for the packaging 
may be explained by comparing the packaging efficiency of gene 
transfer vector into which mutations as shown in Figure 5 were 
introduced, with that of wild-type gene transfer vector. 

35 



[Example 5] Development of novel two-gene coexpression system 
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Rev responsive element (RRE) is a binding site for the 
virus-derived Rev protein and is associated with the transfer of RNA 
from the nucleus to cytoplasm. We evaluated whether a system for the 
simultaneous expression of two different proteins promoted by a single 
5 promoter can be constructed by regulating the splicing efficiency 
using the RRE /Rev system. 

First, for determination whether the expression of two 
different proteins can be regulated by RRE, a vector was generated 
as shown in Figure 6. More specifically, as reporter genes, the 

10 luciferase gene and p-galactosidase gene were inserted upstream and 
downstream of RRE, respectively. Further a splicing donor sequence 
was inserted upstream of the luciferase gene and a splicing acceptor 
sequence was inserted downstream of the RRE to construct a vector. 
As shown in Figure 6, two types of mRNAs are predicted to be produced 

15 from this vector depending on the presence or absence of splicing. 
In other words, p-galactosidase protein may be produced from the mRNA 
subjected to the splicing, while luciferase protein may be produced 
from the unspliced mRNA. In addition, to evaluate whether it is 
possible not only to express two different genes but also to control 

20 the ratio of expression levels between the two genes by modification 
of RRE sequences, vectors were generated, each of which were inserted 
of one of the six types of RRE sequences, to determine the expression 
level of reporter gene in each of the vectors. 

The vectors in which two-gene expression system were inserted 

25 and those for the test of the activity of RRE sequence were generated 
as follows. A DNA fragment in which EcoRI sites were added to both 
5' and 3' ends of a gene fragment encoding luciferase was amplified 
by PCR using primers 13-1F (SEQ ID NO: 63) and 13-1R (SEQ ID NO: 64) 
with pSP-luc+ (Promega) as a template. Alternatively, a DNA fragment 

30 in which EcoRI sites were added to both 5' and 3' ends of a gene fragment 
encoding EGFP was amplified by PCR using primers 13-2F (SEQ ID NO: 
65) and 13-2R (SEQ ID NO: 66) with pEGFPN2 (Clontech) as a template. 

A DNA fragment, containing 5'LTR obtained by PCR using primers 
14F (SEQ ID NO: 67) and 14R (SEQ ID NO: 68) and using pSA212 as a 

35 template, was inserted into plasmid pBS/5' 

LTR.U3G2/RRE6/tr/beta-gal/WT3' LTR digested with Kpnl and EcoRI 
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(pBS/5' LTR . U3Met-/RRE6 /tr /beta-gal /WT 3 ' LTR) . DNA fragments 
containing various RRE sequences were obtained by PCR by combining 
two types of primers, 15-1F (SEQ ID NO: 69) and 15-2F (SEQ ID NO: 
70), with three types of primers, 15-1R (SEQ ID NO: 71), 15-2R (SEQ 
5 ID NO: 72), and 15-3R (SEQ ID NO: 73)), with pSA212 as a template. 
Six types of DNA fragments thus obtained were digested with EcoRI 
and Nhel or with EcoRI and Xbal and purified. Each of the six types 
of purified DNA fragments was substituted for the RRE sequence of 
plasmid pBS/5' LTR . U3Met-/RRE6/tr /beta-gal /WT 3 ' LTR by digesting the 

10 plasmid with EcoRI and Nhel to excise the RRE sequence. The gene 
fragment encoding luciferase or EGFP that had been prepared by the 
PCR and that had been purified after digested with EcoRI was inserted 
into the resulting plasmid at the EcoRI site for use in the assay 
for the activity of RRE sequence (Figure 7) . 

15 The shift of reporter gene through substitution was carried out 

as follows. Plasmid pBS/5' LTR . U3Met-/RRE6/ s/beta-gal/WT3 ' LTR 
containing RRE6/s (6964-7993) sequence was digested with Nhel and Sail 
to remove a fragment containing the region encoding p-galactosidase, 
and then the Nhel-Xhol fragment containing the region encoding 

20 luciferase (derived from pSP-luc+; 17-1723) was inserted thereto 
(pBS/5' LTR . U3Met-/RREc/ s/luc+/WT3 ' LTR) . Then, a Not I fragment 
(820-4294) containing the region encoding p-galactosidase from 
pCMV-beta (Clontech) , which was already blunted and then purified, 
was inserted into pBS/5' LTR . U3Met-/RREc/s / luc+/WT3 ' LTR, which was 

25 already digested with EcoRI and blunted. The resulting plasmid 
(pBS/5' LTR.U3Met-/beta-gal/RREc/s/luc+/WT3' LTR) was used for the 
following assay. Both blunting reactions were conducted with a 
Blunting High (Toyobo) according to the attached instruction. 

A DNA fragment of 5' LTR obtained by PCR using a pair of primers 

30 16F ( SEQ ID NO: 74) and 16R (SEQ ID NO: 75) as well as using pSA212 
as a template was inserted into plasmid pBS/5' 
LTR . U3Met - / RREc/ s /beta -gal /WT3 ' LTR that has been digested with Kpnl 
and EcoRI (pBS/5' LTR. U3G3/RREc/s/beta-gal/WT3' LTR) . 

A purified gene fragment encoding EGFP prepared by PCR and then 

35 digested with EcoRI, was inserted into pBS/5' 

LTR . U3G3 /RREc/ s/be ta-gal/WT3 ' LTR at the EcoRI site. The resulting 
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plasmid was digested with KpnI-SacI to prepare a DNA fragment 
containing 5 ' LTR-3 ' LTR to be inserted into pGL3Control vector 
(Promega) at the KpnI-SacI site. The resulting plasmid was used for 
the test of the two-gene expression system in situ. 
5 The gene transfer vector obtained as described above was used 

for the transfection to 293T cells, as follows, to assay 
(J-galactosidase and lucif erase activity. As shown in the graph of 
Figure 8, the result revealed that the two different genes can be 
coexpressed from the vector having RRE sequence as well as that the 
10 substitution of RRE sequence can regulate the expression efficiency 
of the two genes. In addition, based on the result that the two 
different genes were coexpressed in the absence of packaging vector, 
it was revealed that Rev protein-independent expression of the two 
genes can be achieved in the present gene expression system. 

15 

[Example 6] Specificity to the promoter in the two-gene coexpression 
system 

It was tested whether the two-gene coexpression system using 
RRE may be applied to other expression systems using various types 

20 of promoters other than the 5' LTR promoter from SIVagmTYOl used in 
the above Example. Other promoters derived from human 

cytomegalovirus (CMV) or a mammalian cell-derived promoter (EFlcc 
promoter) were used as promoters (lower panel of Figure 9) . 

As shown in the graph of Figure 9, the result indicated that 

25 the two-gene coexpression may be achieved using promoters other than 
5 '.LTR. Furthermore, the expression levels of the two genes were found 
to be regulated depending on the presence of RRE sequence. Thus, this 
indicates that the two-gene coexpression system using RRE may be 
widely applied to expression systems using various types of promoters . 

30 

[Example 7] Position effect of reporter gene 

Tests were run to determine whether the expression level of each 
gene varied depending on whether the reporter gene has been inserted 
upstream or downstream of RRE . Using the SIVagm gene transfer vector, 
35 a vector, containing RRE6/s (6964-7993) sequence, was prepared in 
which the positions of (3-galactosidase and lucif erase had been changed 
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with each other (lower panel of Figure 10) to compare. The expression 
levels between two reporter genes on the two vectors. 

As shown in the graph of Figure 10, the results indicated no 
difference in the expression levels of reporter genes, whether the 
5 reporter gene had been inserted upstream or downstream of RRE. That 
is, the two-gene coexpression system using RRE sequence was found 
to be useful for the expression of proteins which function by forming 
a complex at a 1 : 1 molar ratio, particularly, such as various receptors 
and transcription factors. 

10 

[Example 8] Verification of performance of SIN vector (Self 
Inactivating Vector) 

Considering that the gene transfer vector 

pGL3C/CMVL.U3G2/RREc/s/ CMVF p-gal/3' LTRAU3 prepared in Example 3 

15 lacks the U3 region of 3'LTR, it can be assumed that the safety was 
enhanced as Self Inactivating Vector (SIN vector) , which prevents 
the transcription of full-length mRNA corresponding the entire vector 
in target cells. 

In order to determine whether gene transfer efficiency may be 

20 affected by changing to SIN, the transfection titer of a SIVagm SIN 
vector to 293T cells was compared to that of a conventional SIVagm 
vector having wild-type 3' LTR prepared under a same condition. As 
a result, the transfection titer was 2.4-2.8 TU/ml for the 
conventional type and 2.5-2.9 TU/ml for the SIVagm SIN vector. That 

25 is, the transfection titer of SIVagm SIN vector was 105% when that 
of the conventional type was taken as 100%. 

Further, an experiment was conducted in order to achieve SIVagm 
SIN vector-mediated transfection of the EGFP gene into cell 
cycle-arrested 293T cells by irradiation and terminal 

30 differentiation-induced SH-SY5Y cells by retinoic acid. Observation 
of the expression of EGFP in the cell cycle-arrested 293T cells with 
a fluorescence microscope showed that the gene was expressed in high 
efficiency (upper panel of Figure 11) . Further, EGFP was verified 
to be expressed in cells having extending neurites, assumed to be 

35 cells differentiated to neuronal cells, among SH-SY5Y cells (bottom 
panel of Figure 11) . 
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As described above, the efficiency of gene transfer showed to 
be reduced by the change to SIN. 

[Example 9] SIVagm SIN vector-mediated gene transfer to peripheral 
5 blood lymphocytes and CD34 positive cells 

CD34 positive cells have recently focused on as a fraction 
containing hematopoietic stem cells (Blood, vol.87, ppl-13, 1996). 
Thus, once it becomes possible to transfer genes into CD34 positive 
cells, genes can be introduced into hematopoietic stem cells, as well 

10 as all types of blood cells differentiated therefrom. Thus, an 
experiment was conducted to assess the possibility of SIVagm SIN 
vector-mediated gene transfer into human Peripheral Blood Mononuclear 
Cells (PBMC) , human T cells, human bone marrow-derived and umbilical 
blood-derived CD34 positive cells, and CD34 positive cells derived 

15 from bone marrow of cynomolgus monkey. 

The separation of PBMC was conducted by collecting 10 ml of human 
peripheral blood into a syringe with 200 \il of 0 . 5M EDTA for use a 
Lymphoprep Tube (Nycomed) according to the attached instruction . The 
separated cells were plated on a 96-well plastic culture plate at 

20 a cell density of 2-2. 5x 10 5 /well and then cultured in RPMI 1640 medium 
(Gibco BRL; containing 5% inactivated bovine serum) at 37 °C in an 
atmosphere of 5% C0 2 . The induction of the separated PBMCs to T cells 
was achieved by culturing them in RPMI 1640 containing 5% FCS and 
5mg/ml PHA (SIGMA) for 3 days, adding 40U/ml IL2 ( SHIONOGI &CO) thereto, 

25 and further culturing for another 3 days (Current Protocols in 
Immunology: 6.16.4). For human bone marrow-derived or umbilical 
blood-derived CD34 positive cells, the frozen cells purchased from 
PureCell Co. were thawed according to the attached instruction and 
plated on a 96-well plastic culture plate at a cell density of 2-2. 5x 

30 10 5 /well, followed by cultivation in IMDM (Gibco BRL) containing 10% 
BIT9500 (StemCell) . CD34 positive cells derived from bone marrow of 
cynomolgus monkey (3-7-year old males; averaged body weight = 3.0 
kg) were plated on a 96-well plastic culture plate at a cell density 
of 2-2. 5x 10 5 /well, followed by cultivation in a ( - ) MEM (SIGMA) 

35 containing 10% inactivated bovine serum (INTERGEN company; REHATUIN® 
premium grade Lot. RB51901) . 



The vector-mediated gene transfer was conducted as follows. 
First, an aliquot of supernatant was removed from the culture medium, 
and vector pGL3C/CMVL . U3G2/RREc/s/ CMVF EGFP/3' LTRAU3 (titer = l-7x 
10 9 TU/ml) concentrated by a method as describe in Example 1 was layered 
thereon to be 50 \xl of total volume. Then, the PBMCs were centrifuged 
at 200 G at 32°C for 30 minutes and cultured at 37 °C in an atmosphere 
5% C0 2 for 3 hours. 200 \xl of culture medium was layered thereon and 
the mixture were cultured for 48 hours. For the CD34 positive cells, 
without centrif ugation after piling up the vector, the cells were 
then cultured at 37 °C in an atmosphere of 5% C0 2 for 3 hours and 200 
[xl of culture medium was layered thereon. The mixture were cultured 
for 48 hours. 

The transfer of the EGFP gene was verified by flow cytometry. 
First, cultured cells were collected from culture wells and washed 
with PBS containing 3% FCS and 0.05% NaN 3 . Then, surface antigens 
of the cells were stained with PE ( phycoerythrin ) -labeled anti-CD3 
antibody, PE-labeled anti-CD14 antibody, and PE-labeled anti-CD19 
antibody (Becton Dickinson) according to the attached instruction. 
After staining, the cells were washed and then fixed with PBS 
containing 1% PFA for analysis by low cytometer. 

The results showed that 51.8% of the human PBMCs were EGFP 
positive at 90 of m.o.i. While the percentage of EGFP-expressing 
cells increased depending on m.o.i. , the percentage of EGFP-posi t i ve 
cells was 45% at 36 of m.o.i. and the percentage was not elevated 
more than about 50% even at m.o.i. higher- than that. In addition, 
no gene transfer was recognized with non-concentrated vector (Figure 
12) . For T cells induced from human PBMC, in the analysis 48 hours 
after the vector infection, the expression of EGFP was recognized 
in 14.5% of the cells at 50 of m.o.i., but no gene transfer was 
recognized with non-concentrated vector (Figure 13) . When gene 
transfer was conducted by using human bone marrow-derived or umbilical 
blood-derived CD34 positive cells at am. o.i. of 30, EGFP was expressed 
in 26% of the bone marrow cells (Figure 14) or in 11% of the umbilical 
blood cells (Figure 15) . The increased transfer efficiency in monkey 
bone marrow-derived CD34 positive cells depending on m. o . i . was found, 
and the percentage of EGFP expression was 58% at am. o.i. of 100 (Figure 
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16) . 

The above-mentioned results show that SIVagm SIN vector can 
mediate gene transfer into PBMCs, T cells, and bone marrow-derived, 
and umbilical blood-derived CD34 positive cells in high efficiency. 

5 

[Example 10] Reconstitution of hematopoietic system using CD34 
positive cells subjected to SIVagm SIN vector-mediated gene transfer 
The strain of NOD/SCID mouse was produced by back crossing of 
NOD/Lt mouse, which is IDDM (Insulin Dependent Diabetes Mellitus) 

10 mouse, and SCID mouse, which is immunodeficiency mouse, and is a 
combined immunodeficiency mouse having decreased activity of NK cells, 
macrophages, and complements, as well as having both T-cell and B-cell 
defect derived from SCID mouse (J. Immunol . , vol . 154, ppl8 0-191, 19 95) . 
NOD/Shi-scid Jic mice (6-week old males) , which belong to this line 

15 of animal, were purchased from Clea Japan and after 2-week breeding 
they were used in the experiments. 

When human cells with pluripotency are transplanted into an 
NOD/SCID mouse, hematopoietic system is reconstituted and thus human 
blood cells will circulate in the mouse body (Nat. Med., vol.2, 

20 ppl329-1337, 1996) . This system was used to evaluate the 
reconstitution of hematopoietic system due to CD34 positive cells 
after gene transfer and also to evaluate the expression of EGFP in 
blood cells thereafter (SCID re-populating cell assay) . 

First, 8-week old male NOD/SCID mice were exposed to irradiation 

25 at a half lethal dose (300 rad) . The irradiation was conducted by 
using Hitachi MBR-1520R under a condition of 150kv of tube voltage, 
20mA of tube current, 0.5 Al, and 0 . 1 Cu filter. Within several hours 
after the irradiation, the cells were injected by a Myjector (Terumo 
29Gxl/2" syringe with a needle) at the tail- vein with the 

30 transplantation. 

The cells used for the transplantation were human umbilical 
blood-derived CD34 cells (PureCell) . Cell culture and SIVagm SIN 
vector-mediated gene transfer were conducted by the same methods as 
described in Example 9 . The infection was performed at 100 of iu.o.i. . 

35 The cells were cultured for 6 hours after vector infection, harvested, 
washed with IMDM (Gibco BRL) , and suspended in IMDM at a cell density 
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of l-3x 10 6 /ml. lx 10 5 of resulting cells/100 \il per animal were used 
for the transplantation. 

After being transplanted, the animals were bred aseptically in 
a safety cabinet in a P3 experimental facility. The experiment was 
5 conducted using 4 groups of mice; each group contained 10 mice. 28 
mice were subjected to the transplantation of cells containing 
transferred genes; 6 mice were subjected to the transplantation of 
untreated cells; and the remaining 6 mice were not subjected to the 
transplantation, followed by breeding of all the mice. Of the 40 

10 animals in total, 25 survived six weeks after the transplantation, 
indicating 60% of the survival rate . The human cells were taken in 
five individuals out of the survived individuals, comprising two 
animals subjected to the transplantation of cells containing 
transferred genes and three animals subjected to the transplantation 

15 of untreated cells. 

The peripheral blood was collected 4-6 weeks after the 
transplantation. After the tail vein was cut by a razor, 50-100 \xl 
of peripheral blood was collected and mixed with 10 \xl of 0 . 5M EDTA 
to prevent coagulation. 700 \xl of distilled water was added to the 

20 collected blood and pipetted several times to lyse the erythrocytes. 
700 [il of 2x PBS was further added to the mixture, mixed, and then 
centrifuged (at 5000rpm for one minute) to recover the total 
leukocytes in peripheral blood. The recovered leukocytes were 
suspended in 50 \il of PBS containing 3% FCS and 0.05% NaN 3 , and 2 \il 

25 of PE-labeled anti-human CD45 antibody (Coulter) was added thereto. 
The mixture was incubated on ice for 30 minutes, washed twice with 
PBS containing 3% FCS and 0.05% NaN 3 , fixed with PBS containing 1% 
PFA for analysis by flow cytometry. The analysis was conducted with 
two colors to detect human CD4 5-posit ive cells among mouse leukocytes 

30 and also to detect EGFP-expressing cells therein. 

The results showed that human CD45 was expressed in 10-50% cells 
of leukocytes of peripheral blood from mice in which the human CD34 
positive cells had been transplanted. The expression of EGFP was 
recognized in 20% of human CD45-positive cells among peripheral blood 

35 leukocytes from mice subjected to the transplantation of human CD34 
positive cells into which the EGFP gene had been introduced by the 
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SIVagm SIN vector (Figure 17) . 
[Common procedures] 

Procedures used commonly in this Example are described below 
in (1) - (7) . 
5 (1) Cell culture 

293T cells, human fetal kidney cell-derived cell line (Proc. 
Natl. Acad. Sci . USA, vol. 90, pp8392-8396, 1993), were cultured in 
D-MEM (GibcoBRL) including 10% inactivated fetal bovine serum. The 
cell cycle is arrested either by treating 293T cells with aphidicolin 
10 (Calbiochem; at a final concentration of 20 ng/ml for 48 hours 
treatment; arrested at Gl-S phase) or by irradiating the cells with 
X-ray (after the irradiation at 200 rad/minute for 20 minutes, the 
cells were cultured for 48 hours; arrested at G2-M phase) . Human cell 
line of neuroblast RBTM1 and SH-SY5Y cell (Cancer Research, vol. 58, 
15 pp2158-2165, 1998) are cultured in RPMI1640 (GibcoBRL) containing 
10% inactivated fetal bovine serum. The induction of differentiation 
to neural cell is achieved by the treatment with all-trans type of 
retinoic acid (Sigma; which are cultured at a final concentration 
of 5 pimol/ml for 7 days) . The cells should be always cultured within 
20 plastic plates (Sumitomo Bakelite) . 

(2) General method for the preparation of primary culture of rat brain 
cells 

Primary culture cells from rat brain are cultured in D-MEM 
(Gibco BRL) containing 5% inactivated fetal bovine serum and 5% 

25 inactivated horse serum (Gibco BRL) . Primary culture cells are 
prepared by the following method. SD rats on days 18 of gestation 
are deeply anesthetized with diethylether and then euthanized by blood 
letting from the axillary artery. After the death is confirmed, the 
uterus together with fetuses is resected by celiotomy. The brains 

30 are obtained from the heads of aseptically resected fetuses from the 
uterus and allowed to stand in a working solution (containing 50% 
D-MEM, 50% PBS (Gibco BRL) , 5x 10 4 U/L penicillin (Gibco BRL) , and 
50 mg/L streptomycin (Gibco BRL) ) . Then the part of brain stem and 
meninges on the cerebral hemisphere are removed under a stereoscopic 

35 microscope. The brain tissue was washed once with the working 
solution and then cut into strips with a surgical knife . After treated 
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with papain (the treatment is performed by mixing them, while 
repeatedly inverting, in a solution containing 1.5 U,/ml papain 
(Worthington Biochem) , 0 . 2 mg/ml cysteine (Nacarai) , 0 . 2 mg/ml bovine 
serum albumin (Sigma), 5 mg/ml glucose (Wako), and 0.1 mg/ml DNase 
5 I (Gibco BRL) at 32°C for 30 minutes), the cells are suspended by 
pipetting and harvested by centrif ugation (at 1200rpm for five 
minutes) . The recovered brain cells are washed twice with D-MEM 
containing 5% inactivated horse serum, 5% inactivated fetal bovine 
serum, 5x 10 4 U/L penicillin, and 50mg/L streptomycin . Then, the cell 
10 count was determined and the cells are plated on a 6-well plate coated 
with poly-L-lysine (CellTight PL, Sumitomo Bakelite) at a cell density 
of l-3x 10 6 per well and cultured in a C0 2 incubator (at 37 °C in an 
atmosphere of 5% C0 2 ) - 
(3) Transfection 

15 All the procedures in transfection experiments were carried out 

by using LIPOFECTAMINEPLUS (Gibco BRL) according to the attached 
instruction. 293T cells were plated on a 6-well plastic plate 
(Sumitomo Bakelite) at a cell density of 5x 10 5 per well and cultured 
in a CO z incubator (at 37 °C in an atmosphere of 10% C0 2 gas) for 48 

20 hours. The culture medium was changed with 800 (il/well OptiMEM (Gibco 
BRL) 30 minutes before the transfection, and then the culture was 
continued. The amounts of DNAs used for transfection were 300 ng/well 
gene transfer vectors and 600 ng/well packaging vector or blank vector. 
After DNAs were dissolved in 100 \xl OptiMEM, 6 \l! PLUS reagent (Gibco 

25 BRL) was added thereto, stirred, and allowed to stand at room 
temperature for 15 minutes. 4 \il aliquot of LI POFECTAMINE , diluted 
with 100 jAl OptiMEM, was added to the mixture of DNA and PLUS 
reagent (Gibco BRL), stirred, and then allowed to stand at room 
temperature for another 15 minutes. The solution prepared by the 

30 method described above containing the complex of DNA and LI POFECTAMINE 
was instilled to 293T cells cultured on the 6-well plate, stirred 
gently, and then incubated in a C0 2 incubator (at 37°C in an atmosphere 
of 10% C0 2 gas) for 3 hours. After the culture was completed, 1 ml 
D-MEM containing 20% inactivated fetal bovine serum per well was added 

35 to the culture and then incubated in a C0 2 incubator (at 37 °C in an 
atmosphere of 10% C0 2 gas) for 48 hours to be used for p-galactosidase 
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and luciferase assay. 

(4) (3-GaIactosidase and lucif erase assay 

p-Galactosidase and luciferase assays were carried out using 
a Luminescent beta-gal detection kit II (Clontech) and a Luciferase 
5 Assay System (Promega) , respectively, according to the attached 
instructions. The sample used was cell lysate, which was obtained 
by lysing DNA-trans f ected 293T cells with 800 pil/well Reporter Lysis 
Buffer, centrifuging at 12000 g at 4°C for five minutes, and separating 
the supernatant. In p-galactosidase assay, 20 \xl cell lysate and 100 

10 (J.1 substrate solution were mixed together and then allowed to stand 
still at room temperature for one hour, followed by the measurement 
of the intensity of luminescence for 10 seconds with a luminometer 
(AutoLumat LB953, berthold) . In luciferase assay, 20 \xl cell lysate 
and 100 jxl substrate solution were mixed together and immediately 

15 the intensity of luminescence was measured for 10 seconds with a 
luminometer (AutoLumat LB953 , berthold) . In both of assays, each 
measurement was carried out with triplicate samples to determine the 
averaged value and standard deviation. 

(5) PCR 

20 All the procedures in PCR experiments were carried out by using 

PCR Supermix High Fidelity (Gibco BRL) . 1 [ig template DNA as a 
substrate and two synthetic oligonucleotides as primers, which were 
used at a final concentration 1 nmol/ml, were added to 90 |u.l reaction 
solution. The total volume of the mixture was adjusted to 100 \xl with 

25 distilled water and then the reaction was conducted in a thermal cycler 
(GeneAmp PCR System 9600; Perkin Elmer) . The sample was first heated 
at 94°C for one minute, then subjected to 10 cycles of 94°C for 30 
seconds, 55°C for 30 seconds, and 68°C for 90 seconds, and further 
maintained at 68 °C for five minutes. DNA was purified from the 

30 reaction solution by treating with Wizard DNA Clean-up System 
(Promega), digested with a desired restriction enzyme, and then 
separated by 1% low melting point agarose gel (SeaPlaque GTG agarose; 
FMC Boichem; dissolved in TAE buffer) electrophoresis. A DNA 
fragment with a desired size was cut off from the gel and purified 

35 by Wizard PCR Preps DNA Purification System (Promega) to use for the 
ligation reaction. 
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(6) General method for SIVagm vector-mediated gene transfer 

Target 293T cells were plated on a 6-well plastic plate 
(Sumitomo Bakelite) at a cell density of 5X 10 5 /well and then cultured 
in a C0 2 incubator (at 37 °C in an atmosphere of 10% C0 2 gas) for 48 
hours to use for the assay. The vector-containing solution, 
containing Polybrene (Sigma) at a final concentration of 8 ng/ml, 
was layered into target cells for introducing the vector. 48 hours 
after the infection of the vector, the target cells were stained by 
using X-gal as a substrate with a Beta-Gal Staining Kit (Invitrogen) 
and then observed under an inverted microscope ( DMIRB ( SLR) ; Leica) 
to detect the expression of p-galactosidase in the target cells . The 
number of cells stained blue with X-gal is determined, and a vector 
amount that allows a single 293T cell to express p-galactosidase is 
calculated as 1 Transducing Unit(TU) . 

(7) General method staining of gene transferred-cells with antibody 
48 hours after the infection of the vector, the target cells 
are washed with PBS (Nikken Biological and Medical Institute) , fixed 
with PBS containing 4% paraformaldehyde (Wako) at room temperature 
for 30 minutes, washed three times with PBS for five minutes, and 
then subjected to the blocking with PBS containing 2% normal goat 
serum (Gibco BRL) at room temperature for one hour. As a primary 
antibody for differentiated neuron derived from the rat brain, a 
solution prepared by diluting an anti-MAP-2 monoclonal antibody 
(mouse IgG, BOEHRINGER MANHEIM) to 2 \xg/ml with PBS containing 2% 
normal goat serum is used. As a primary antibody for cells into which 
p-galactosidase is introduced, a solution prepared by diluting an 
anti-E. coll p-galactosidase polyclonal antibody (rabbit; 5 prime -> 
3 prime Inc.) to 8 . 2 fxg/ml with PBS containing 2% normal goat serum 
is used. The reaction is carried out at 37 °C for 30 minutes. After 
reaction of the primary antibody, the cells are washed three times 
with PBS for five minutes and, then, are reacted with a secondary 
antibody. 10 jig/ml anti-mouse IgG polyclonal antibody (goat; EY 
LABORATORIES, INC.) labeled with Texas Red, or 4 ^g/ml anti-mouse 
IgG polyclonal antibody labeled with Alexa568 (goat; Molecular Probes, 
Inc.), both of which is diluted with PBS containing 2% normal goat 
serum, is used as the secondary antibody for rat brain cells with 
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introduced EGFP; . On the other hand, anti-mouse IgG polyclonal 
antibody (goat; Molecular Probes, Inc.) labeled with Alexa488 and 
anti-rabbit IgG polyclonal antibody (goat; Molecular Probes, Inc.) 
labeled with Alexa568, each of which is diluted with PBS containing 
5 2% normal goat serum to 4 ng/ml, are used as for rat brain cells with 
introduced |3-galactosidase . 4 \xg/ml goat anti-rabbit IgG polyclonal 
antibody labeled with Alexa568, diluted with PBS containing 2% normal 
goat serum, is used for cells with introduced (3-galactosidase other 
than rat brain cells. All the reactions with secondary antibody are 
10 conducted at 37 °C for 30 minutes. After the reaction with secondary 
antibody, the target cells are washed three times with PBS for five 
minutes, PBS is layered thereon, and then the fluorescence is observed 
under an inverted microscope (DMIRB (SLR) ; Leica) to detect the 
expression of protein of interest. 

15 

Industrial Applicability 

The present invention provides vectors capable of expressing 
two foreign genes by using RRE sequence. The ratio between the 
expression levels of two foreign genes can be adjusted in the present 

20 vector by modifying the RRE sequence. In addition, the dependency 
on virus-derived protein can be overcome by modifying the 
virus-derived regulatory sequence for expression to those derived 
from others. The risk of reversion to the wild type via gene 
recombination is reduced and thus the safety is enhanced by using 

25 the minimal region containing the packaging signal for the vector. 
The present vector is suitable for use in gene therapy, etc. 
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CLAIMS 

1 . A vector DNA for expressing two foreign genes, said vector DNA 
comprising the following components in order from the 5' side to the 3' side: 

(a) an expression regulatory sequence; 

(b) a splicing donor sequence; 

(c) a first foreign gene insertion site; 

(d) an RRE core sequence; 

(e) a splicing acceptor sequence; and 

(f) a second foreign gene insertion site. 

2. The vector DNA of claim 1, wherein said RRE core sequence comprises a 
retrovirus, a lentivirus, or an immunodeficiency virus RRE core sequence. 

3. The vector DNA of claim 1, wherein said expression regulatory sequence 
comprises an LTR. 

4. The vector DNA of claim 1, wherein said expression regulatory sequence is 
a sequence comprising an expression regulatory sequence other than an LTR. 

5. The vector DNA of claim 4, wherein said expression regulatory sequence 
other than an LTR is selected from the group consisting of the CMVL promoter, the 
CMV promoter, and the EFla promoter. 

6. The vector DNA of claim 1 , wherein each of said splicing donor sequence 
and said splicing acceptor sequence comprise a retrovirus, a lentivirus, or an 
immunodeficiency virus sequence. 

7. The vector DNA of claim 1, wherein said vector DNA further comprises a 
packaging signal in a region thereon that can be transcribed. 

8. The vector DNA of claim 7, wherein said packaging signal comprises a 
retrovirus, a lentivirus, or an immunodeficiency virus packaging signal. 



9. The vector DNA of claim 8, wherein said vector DNA is constructed so as 
not to express a complete gag protein. 

10. The vector DNA of claim 9, wherein the translation initiation codon of 
said gag protein is mutated. 

11. The vector DNA of claim 1, wherein a first foreign gene and a second 
foreign gene are inserted into said vector DNA. 

12. A retrovirus vector comprising, within a virus particle thereof, a 
transcription product from the vector DNA according to any one of claims 7 to 10, 
wherein a first foreign gene and a second foreign gene have been inserted into said 
vector DNA. 

13. A lenti virus vector comprising, within a virus particle thereof, a 
transcription product from the vector DNA according to any one of claims 7 to 10, 
wherein a first foreign gene and a second foreign gene have been inserted into said 
vector DNA. 

14. An immunodeficiency virus vector comprising, within a virus particle 
thereof, a transcription product from the vector DNA according to any one of claims 7 
to 10, wherein a first foreign gene and a second foreign gene have been inserted into 
said vector DNA. 

15. A method for preparing a virus vector, said method comprising the steps of 
introducing into a packaging cell the vector DNA according to any one of claims 7 to 
10, wherein a first foreign gene and a second foreign gene are inserted into said vector 
DNA, and collecting produced virus particles from a culture supernatant of said cell. 
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16. A vector DNA for expressing two foreign genes, said vector DNA 
comprising the following components in order from the 5' side to the 3' side: 

(a) an expression regulatory sequence; 

(b) a splicing donor sequence; 

(c) an RRE core sequence; 

(d) a first foreign gene insertion site; 

(e) a splicing acceptor sequence; and 

(f) a second foreign gene insertion site. 

17. The vector DNA of claim 16, wherein said RRE core sequence comprises 
a retrovirus, a lentivirus, or an immunodeficiency virus RRE core sequence. 

18. The vector DNA of claim 16, wherein said expression regulatory sequence 
comprises an LTR. 

19. The vector DNA of claim 16, wherein said expression regulatory sequence 
is a sequence comprising an expression regulatory sequence other than an LTR. 

20. The vector DNA of claim 1 9, wherein said expression regulatory sequence 
other than an LTR is selected from the group consisting of the CMVL promoter, the 
CMV promoter, and the EFla promoter. 

21. The vector DNA of claim 16, wherein each of said splicing donor 
sequence and said splicing acceptor sequence comprise a retrovirus, a lentivirus, or an 
immunodeficiency virus sequence. 

22. The vector DNA of claim 16, wherein said vector DNA further comprises 
a packaging signal in a region thereon that can be transcribed. 

23. The vector DNA of claim 22, wherein said packaging signal comprises a 
retrovirus, a lentivirus, or an immunodeficiency virus packaging signal. 

24. The vector DNA of claim 23, wherein said vector DNA is constructed so 
as not to express a complete gag protein. 
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25. The vector DNA of claim 24, wherein the translation initiation codon of 
said gag protein is mutated. 

26. The vector DNA of claim 16, wherein a first foreign gene and a second 
foreign gene are inserted into said vector DNA. 

27. A retrovirus vector comprising, within a virus particle thereof, a 
transcription product from the vector DNA according to any one of claims 22 to 25, 
wherein a first foreign gene and a second foreign gene have been inserted into said 
vector DNA. 

28. A lentivirus vector comprising, within a virus particle thereof, a 
transcription product from the vector DNA according to any one of claims 22 to 25, 
wherein a first foreign gene and a second foreign gene have been inserted into said 
vector DNA. 

29. An immunodeficiency virus vector comprising, within a virus particle 
thereof, a transcription product from the vector DNA according to any one of claims 
22 to 25, wherein a first foreign gene and a second foreign gene have been inserted 
into said vector DNA. 

30. A method for preparing a virus vector, said method comprising the steps of 
introducing into a packaging cell the vector DNA according to any one of claims 20 
to 23, wherein a first foreign gene and a second foreign gene are inserted into said 
vector DNA, and collecting produced virus particles from a culture supernatant of 
said cell. 
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ABSTRACT 

A vector expressing two foreign genes by using RRE sequence and 
controlling the ratio of the expression doses of these genes owing 
5 to the modification is provided. This vector, which can be provided 
as a lentivirus vector based on SIVagm, is constructed by modifying 
a virus-origin expression regulatory sequence into another expression 
regulatory sequence so as to eliminate the dependency on the 
virus-origin protein. Although this vector has a packaging signal, 
10 it has been modified so that the risk of the occurrence of wild strains 
due to gene recombination is lowered and no virus structural protein 
is expressed. This vector is highly useful as a gene therapeutic 
vector with a need for transferring two genes while controlling the 
expression doses or expression dose ration thereof. 
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Figure . 1 
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Figure . 2 




o e i e o «4 h id ... -o & o o 2 

09/980420 

3/17 



Figure . 3 
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Figure . 8 
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Figure . 9 
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Figure . 10 
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Figure . 1 3 
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PATENT 

ATTORNEY DOCKET NO: 50026/031001 
COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled A VECTOR FOR THE EXPRESSION OF TWO FOREIGN GENES, the 
specification of which is attached hereto and was described and claimed in PCT International Application 
No. PCT/J POO/03955 filed on June 16, 2000. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance with 
Title 37, Code of Federal Regulations, § 1 .56. 

FOREIGN PRIORITY RIGHTS: I hereby claim foreign priority benefits under Title 35, United States Code, 
§ 1 19 of any foreign application(s) for patent or inventor's certificate or of any PCT international 
application(s) designating at least one country other than the United States of America listed below and have 
also identified below any foreign application for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America filed by me on the 
same subject matter having a filing date before that of the application(s) of which priority is claimed: 



Country 


Serial Number 


Filing Date 


Priority Claimed? 


Japan 


11/175646 


June 22,1999 


Yes 











PROVISIONAL PRIORITY RIGHTS: I hereby claim priority benefits under Title 35, United States Code, § 
1 19(e) and § 120 of any United States provisional patent application(s) listed below filed by an inventor or 
inventors on the same subject matter as the present application and having a filing date before that of the 
application(s) of which priority is claimed: 



Serial Number 


Filing Date 


Status 









NON-PROVISIONAL PRIORITY RIGHTS: I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States application(s) listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, I acknowledge the duty to disclose all information I know 
to be material to patentability as defined in Title 37, Code of Federal Regulations, 
§ 1.56 which became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 
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I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: Paul T. Clark, Reg. No. 30,162, Karen 
L. Elbing, Ph.D. Reg. No35J?38, Kristina Bieker-Brady, Ph.D. Reg. Nn 3 qjn o Susan M. Michaud Ph D 
Reg. No, 42.835.,.Jame's DTDeCamp, Ph.D., Reg. No 43.58JL Sean J. Edman, Reg. No_42^506, Timothy 
J. Douros, Reg. No. 41,716. — 

Address all telephone calls to: Paul T. Clark at 617/428-0200. > 

Address all correspondence to: Paul T. Clark at Clark & Elbing LLP, 176 Federal Street, Boston MA 021 10 
Customer No: 21559 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patents issued thereon. 
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SEQUENCE LISTING 

<110> NAKAJIMA, TOSHIHIRO 
NAKAMARU , KENJI 
HAS EG AW A, MAMORU 
HA YAM I , MASANORI 
IDO, EIJI 

<12 0> A VECTOR FOR THE EXPRESSION OF TWO 
FOREIGN GENES 

<130> 50026/031001 

<150> PCT/JP00/03955 
<151> 2000-06-16 

<150> JP 11/175646 
<151> 1999-06-22 

<160> 76 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 1 

gcagatctca accaggaggc gaggctgcat tttggg 36 

<210> 2 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 2 

gcgaattcta cttactggtg ctgtaaagga gccaaa 36 

<210> 3 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



:400> 3 
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atcggaattc ttttattgta agatggattg gtttttaaat 



40 



<210> 4 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 4 

cgggatccgc ggccgcggat atggatctgt ggagatagag gaacatat 4 8 

<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



<210> 6 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 6 

tcgaaagcct actcaccaag tcactactc 29 

<210> 7 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



<210> 8 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 

<400> 8 



<400> 5 

tcgagactag tgacttggtg agtaggctt 



29 



<400> 7 

aatttctcga gcggccgca 



19 
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aatttgcggc cgctcgaga 

<210> 9 
<211> 35 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 9 

gcggtacctg gatgggattt attactccga tagga 35 

<210> 10 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 10 

gcgaattcga tagggcttga aacatgggta ctatttctgc 40 

<210> 11 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 11 

gcgaattccc gtttgtgcta gggttcttag gcttct 36 

<210> 12 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 12 

tccccgcgga tatggatctg tggagataga ggaacatatc 40 

<210> 13 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 13 
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gcgcggccgc ggatccgtcg acgcactttt taaaagaaaa ggga 



<210> 14 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 14 

gcgagctcta atgcaggcaa gtttattagc tttcta 

<210> 15 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 

<400> 15 

ggaattcccg cggtagttat taatagtaat caattacggg 

<210> 16 
<21l> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 16 

cgggatccgc ggccgcttac ttgtacagct cgtccatgcc 

<210> 17 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 17 

atcggaattc ttttattgta agatggattg gtttttaaat 

<210> 18 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



ataagaatgc ggccgctagc taagctgaat gaggagggtc aggcaactg 



<210> 19 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 19 

gcgaattccc gtttgtgcta gggttcttag gcttct 

<210> 20 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 20 

agctagctag gctagcggat atggatctgt ggagatagag gaacatat 

<210> 21 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 21 

gcggtacctg gatgggattt attactccga tagga 

<210> 22 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 22 

gcgaattcac tcaagtccct gttcgggcgc cactgc 

<210> 23 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
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gcgaattcaa gcctactcac caagtctcct tcttgg 

<210> 24 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 24 

gcgaattcgc ccccattgcg tacccaccgc ctgccctact 

<210> 25 
<211> 57 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 25 

ggaattcccg ggtcggacgg atccattaaa tgtttaattt ggtacttttt ctttccg 

<210> 26 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 26 

cggaattcac gcacacaaga ttgaacagac tttttaagcc 

<210> 27 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 27 

cggaattcac aacctctcat ggaggccgaa gcgctccatc 

<210> 28 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
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gcgaattccc caggcatttc cttgttgttg cgctggaaaa 40 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 29 

gcgaattcga tagggcttga aacatgggta ctatttctgc 4 0 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 30 

gcgaattctg cttcttcatt aatgatctct ttcactattt 40 

<210> 31 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 31 

cggaattctt tgacacactt ttgaagtcct agaataatcc 40 

<210> 32 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 32 

cggaattcgt ggggtgcatt cctaggccct tcaggatgac 4 0 

<210> 33 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 33 
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cggaattctt ttccttggtt ccggacattg tctttgcata 



40 



<210> 34 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 34 

gcgaattcgc tcagcactaa ataggagaca attagaccaa 40 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 36 

gcgaattcgc ccccaatgcg tacccaccgc ctgccctact 40 

<210> 37 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



<210> 38 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 



<400> 35 

gcgaattccc caggcatttc cttgttgttg cgctggaaaa 



40 



<400> 37 

gcgaattcgc ccccagtgcg tacccaccgc ctgccctact 



40 



:400> 38 
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gcgaattcgc ccccactgcg tacccaccgc ctgccctact 40 

<210> 39 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 39 

gcgaattcgc cccctttgcg tacccaccgc ctgccctact 40 

<210> 40 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 40 

gcgaattcgc ccccgttgcg tacccaccgc ctgccctact 40 

<210> 41 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 41 

gcgaattcgc cccccttgcg tacccaccgc ctgccctact 40 

<210> 42 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 42 

gcgaattcgc cccaattgcg tacccaccgc ctgccctact 40 

<210> 43 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 43 
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gcgaattcgc cccgattgcg tacccaccgc ctgccctact 

<210> 44 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 44 

gcgaattcgc ccctattgcg tacccaccgc ctgccctact 

<210> 45 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 45 

tatataagca gagctcgctg gcttgtaact cagtctctt 

<210> 46 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 46 

tatataagtg cagtacgctg gcttgtaact cagtctctta 

<210> 47 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 47 

tataaaaagc gaagccgctg gcttgtaact cagtctctta 

<210> 48 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
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gcgaattcga tagggcttga aacatgggta ctatttctgc 4 0 

<210> 49 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 49 

cggggtacct caatattggc cattagccat attattcatt 4 0 

<210> 50 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 50 

agttacaagc cagcgagctc tgcttatata gacctcccac 40 

<210> 51 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 51 

gcggtaccta gttattaata gtaatcaatt acggg 35 

<210> 52 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 52 

agttacaagc cagcgagctc tgcttatata gacctcccac 40 

<210> 53 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 53 
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gcggtaccag gctccccagc aggcagaagt atgca 35 

<210> 54 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 54 

agttacaagc cagcgtactg cacttatata cggttctccc 40 



<210> 55 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 55 

ggggtaccat tgattattga ctagttatta atagtaatca 40 



<210> 56 

<211> 40 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 56 

agttacaagc cagcggcttc gctttttata gggccgccgc 40 



<210> 57 

<211> 99 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Artificially Synthesized Primer Sequence 



<400> 57 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggac gctggcttgt aactcagtct cttactagg 99 



<210> 58 

<211> 36 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Artificially Synthesized Primer Sequence 
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<400> 58 

gcgagctcta atgcaggcaa gtttattagc tttcta 36 

<210> 59 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 59 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggat caatattggc cattagccat attattcat 99 

<210> 60 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 60 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggaa ggctccccag caggcagaag tatgcaaag 99 

<210> 61 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 61 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggac attgattatt gactagttat taatagtaa 99 

<210> 62 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 62 

gcgagctcta atgcaggcaa gtttattagc tttcta 36 

<210> 63 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 63 

atcggaattc gccgccatgg aagacgccaa aaacataaag aaaggc 

<210> 64 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 64 

atcggaattc ttacacggcg atctttccgc ccttcttggc 

<210> 65 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 65 

atcggaattc gccgccatgg tgagcaaggg cgaggagctg ttcacc 

<210> 66 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 

<400> 66 

atcggaattc ttacttgtac agctcgtcca tgccgagagt 

<210> 67 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 67 

gcggtacctg gatgggattt attactccga tagga 

<210> 68 
<211> 36 
<212> DNA 

<213> Artificial Sequence 



-14- 



<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 68 

gcgaattcgc ccccgctgcg tacccaccgc ctgccc 

<210> 69 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 69 

atcggaattc ttttattgta agatggattg gtttttaaat 

<210> 70 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 70 

gcgaattccc gtttgtgcta gggttcttag gcttct 

<210> 71 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 71 

gctctagacc cccaggagtt tagtcgtgcc tgatcctcta 

<210> 72 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 72 

agctagctag gctagcggat atggatctgt ggagatagag gaacatat 

<210> 73 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 73 

ataagaatgc ggccgctagc taagctgaat gaggagggtc aggcaactgt 5 0 

<210> 74 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 74 

gcggtacctg gatgggattt attactccga tagga 35 

<210> 75 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Artificially Synthesized Primer Sequence 
<400> 75 

gcgaattctg cttcttcatt aatgatctct ttcactattt 40 

<210> 76 
<211> 9170 
<212> DNA 

<213> Simian Immunodeficiency Virus 
<400> 76 

cagtctctta ctaggagacc agcttgagcc tgggtgttcg ctggttagcc taacctggtt 60 

ggccaccagg ggtaaggact ccttggctta gaaagctaat aaacttgcct gcattagagc 120 

ttatctgagt caagtgccct cattgacgcc tcactctctt gaacgggaat cttccttact 180 

gggttctctc tctgacccag gcgagagaaa ctccagcagt ggcgcccgaa cagggacttg 240 

agtgagagtg taggcacgta cagctgagaa ggcgtcggac gcgaaggaag cgcggggtgc 3 00 

gacgcgacca agaaggagac ttggtgagta ggcttctcga gtgccgggaa aaagctcgag 3 60 

cctagttaga ggactaggag aggccgtagc cgtaactact ctgggcaagt agggcaggcg 420 

gtgggtacgc aatgggggcg gctacctcag cactaaatag gagacaatta gaccaatttg 480 

agaaaatacg acttcgcccg aacggaaaga aaaagtacca aattaaacat ttaatatggg 540 

caggcaagga gatggagcgc ttcggcctcc atgagaggtt gttggagaca gaggaggggt 600 

gtaaaagaat catagaagtc ctctaccccc tagaaccaac aggatcggag ggcttaaaaa 660 

gtctgttcaa tcttgtgtgc gtactatatt gcttgcacaa ggaacagaaa gtgaaagaca 72 0 

cagaggaagc agtagcaaca gtaagacaac actgccatct agtggaaaaa gaaaaaagtg 780 

caacagagac atctagtgga caaaagaaaa atgacaaggg aatagcagcg ccacctgggt 840 

gcagtcagaa ttttccagcg caacaacaag gaaatgcctg ggtacatgta cccttgtcac 900 

cgcgcacctt aaatgcgtgg gtaaaagcag tagaggagaa aaaatttgga gcagaaatag 960 

tacccatgtt tcaagcccta tcagaaggct gcacacccta tgacattaat cagatgctta 1020 

atgtgctagg agatcatcaa ggggcattac aaatagtgaa agagatcatt aatgaagaag 1080 

cagcccagtg ggatgtaaca cacccactac ccgcaggacc cctaccagca ggacagctca 1140 

gggaccctcg cggctcagat atagcaggga ccaccagctc agtacaagaa cagttagaat 1200 

ggatctatac tgctaacccc cgggtagatg taggtgccat ctaccggaga tggattattc 1260 
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taggacttca aaagtgtgtc aaaatgtaca 
gacctaaaga gcccttcaag gattatgtgg 
aagcctcagg ggaagtgaaa caatggatga 
cagattgtaa ggtcatcctg aagggcctag 
cggcttgtca gggggtagga ggcccaagct 
agaccatgca aaatcaaaac atggtgcagc 
taagatgtta taattgtgga aaatttggcc 
aaacaaaatg tctaaagtgt ggaaaattgg 
tgaatttttt agggtatgga cggtggatgg 
ctcttggagc ggaaccgagt gcgcctcctc 
caaagaagct cctgcagcaa tatgcagaga 
atccaccggc aatgaatccg gattggaccg 
aagaccaata aagacagtgt atatagaagg 
ggcagatgac accataatta aagaaaatga 
aattataggg ggcataggag gaggccttaa 
aatagaagat aaaattttga gaggaacaat 
aggtagaaat ttgctggccc cggcagtgcc 
aattcctgtc acacctgtca aattgaagga 
gcctctctct aaagagaaga ttgaagcttt 
aggaaaaatc agtagagtag gaggagaaaa 
gaagaaggac aaatcccagt ggaggatgct 
ccaagatttc tttgaagtgc aattagggat 
acagataaca gttttagatg taggagacgc 
taggaaatat actgctttta ctattcctac 
tcaattcaac tgtctcccgc aagggtggaa 
agcatccatt ttggaggaga taaaaagaaa 
ggatgattta tgggtaggtt ctcaagaaaa 
gttaagaaca aaattacaag cctggggctt 
accaccttat gagtggatgg gatacaaact 
acaactggag gaaaaagatg aatggactgt 
aaattgggca gcacaattgt atccaggtct 
aggaaagaaa aatctgttag agctagtagc 
agaaaatgca gagattctta aaacagaaca 
tattagggca gcagtacaga aattggaagg 
aggacaagtc ttgaaagtag gaaaatacac 
tcgcacatta gctggtttag tgcagaagat 
attaccagtt ctagaactcc cgatagaaag 
ctggcaggta agctggattc ccgaatggga 
atggtacaca ttaacaaaag aacccatacc 
caacagaaat tcaaaagaag gaaaagcagg 
agaaacatta gaaaacacta ccaatcagca 
ggaagacagt gggcctaatg tgaacatagt 
gacagcacaa cccacacaaa gtgattcacc 
acaaaagcaa caaatatatt tgcagtgggt 
ggagatagat aaattagtga gtaaaggcat 
agaagctcaa gaaaagcatg aaagatatca 
tgggcttcca caaatagtag caaaagagat 
gggagaacca gtgcatggac aagtggatgc 
tcatctagaa aaaaaagtag tcatagttgc 
agaagtcata cctagggaaa caggaaaaga 
tagatggcct ataacacagt tacacacaga 
ggcagcaata tgttggtggg gaaaaattga 
atctcaagga tcaatagaaa gcatgaacaa 
agatgattgc caatatacag aggcagcagt 
aagaaaggga ggaatagggg gacagacttc 



acccagtatc agtcctagac attaggcagg 1320 
acagatttta caaggcaatt agagcagaac 13 80 
cagaatcatt actcattcaa aatgctaatc 1440 
gaatgcaccc cacccttgaa gaaatgttaa 1500 
acaaagcaaa agtaatggca gaaatgatgc 1560 
agggaggtcc aaaaagacaa agacccccac 1620 
atatgcaaag acaatgtccg gaaccaagga 1680 
gacacctagc aaaagactgc aggggacagg 174 0 
gggcaaaacc gagaaatttt cccgccgcta 1800 
caccgagcgg caccacccca tacgacccag 1860 
aagggaaaca actgagggag caaaagagga 192 0 
agggatattc tttgaactcc ctctttggag 1980 
ggtccccatt aaggcactgc tagacacagg 2040 
tttacaatta tcaggtccat ggagacccaa 2100 
tgtaaaagaa tataacgaca gggaagtaaa 2160 
attgttagga gcaactccca ttaatataat 2220 
ccggttagta atgggacaat tatcagaaaa 2280 
aggggctcgg ggaccctgtg taagacaatg 2340 
acaggaaata tgttcccaat tagagcagga 2400 
tgcatacaat accccaatat tttgcataaa 2460 
agtagacttt agagagttaa ataaggcaac 2520 
accccaccca gcaggattaa gaaagatgag 2580 
ctattattcc ataccattgg atccaaattt 2640 
agtgaataat cagggacccg ggattaggta 2700 
aggatctcct acaatcttcc aaaatacagc 2760 
cttgccagca ctaaccattg tacaatacat 2820 
tgaacacacc catgacaaat tagtagaaca 2880 
agaaacccca gaaaagaaga tgcaaaaaga 2940 
ttggcctcac aaatgggaac taagcagaat 3 0 00 
caatgacatc cagaagttag ttgggaaact 3060 
taagacaaga atatgcaagt taattacagg 3120 
ttggacacct gaggcagaag ctgaatatgc 3180 
ggaaggaacc tattacaaac caggaatacc 3240 
aggacagtgg agttaccaat tcaaacaaga 3300 
caagcaaaag aacacccata caaatgaact 3360 
ttgcaaagaa gctctagtta tttgggggat 3420 
agaggtatgg gagcaatggt gggcggatta 34 8 0 
ttttgtcagc accccacctt tgctcaaact 3540 
caaggaggac gtttactatg taggagcatg 3600 
atacatctca caatacggaa aacagagagt 3660 
agcaaaatta acagctataa aaatggcttt 3720 
aacagactct caatatgcaa tgggaatttt 3780 
attagtagag caaattatag ccttaatgat 3840 
accagcacat aaaggaatag gaggaaatga 3 900 
tagaagagtt ttattcttag aaaaaataga 3960 
taataattgg aaaaacctag cagatacata 4020 
agtggccatg tgtccaaaat gtcaaataaa 4080 
ctcacctgga acatggcaga tggattgtac 4140 
ggtccatgta gccagtggat tcatagaagc 4200 
aacggcaaag tttctattaa aaatactgag 4260 
caatgggcct aactttacct cccaagaagt 4320 
acatacaaca ggtataccat ataaccccca 4380 
gcaattaaaa gagataattg ggaaaataag 4440 
actgatggct tgcatacttc acaattttaa 4500 
agcagagaga ctaattaata taataacaac 4560 
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acaattagaa atacaacatt tacaaaccaa aattcaaaaa attttaaatt ttagagtcta 4620 
ctacagagaa gggagagacc ctgtgtggaa aggaccggca caattaatct ggaaagggga 4680 
aggagcagtg gtcctcaagg acggaagtga cctaaaggtt gtaccaagaa ggaaagctaa 4740 
aattattaag gattatgaac ccaaacaaag agtgggtaat gagggtgacg tggaaggtac 4800 
caggggatct gataactaaa tggcagggaa tagtcagata ttggatgaga caaagaaatt 4860 
tgaaatggaa ctattatatg cattaccaaa ttacatgggc ttggtacacc atgagtagat 4920 
atgtaatacc aataggaaaa catggggaaa tatgtgtaga cctatattgg catttaacac 4980 
cagagcaagg atggctatcc acatatgcag taggtataca atatgtaagc aatttagaat 5040 
ctaaatatag aacagaatta gaccctgcta cagcagatag tataatacat ggtcactatt 5100 
ttaattgttt taaagaaaga gccatccaac aagctctgag gggccacaga tttgtcttct 5160 
gtcagtttcc agaagggcat aaaagcacag gacaggtacc atctttgcag tacctagctc 5220 
tgctcgcaca tcaaaatggc ctcagggaga gatccaagag aggcaagacc aggagaagta 5280 
gaaatttggg atctaagcag ggagccgtgg gacaaatggc taagagatat gttacaagat 5340 
ctcaaccagg aggcgaggct gcattttggg agagaactcc tgttccaagt atggaactac 5400 
tgtcaggagg aaggagaaag acatggtact cccatgatgg aaagggccta caaatattat 5460 
aggctagtac aaaaggctct ctttgtgcat tttcgatgtg ggtgcaggag aaggcagccc 5520 
tttgaaccat acgaggagag gagagatgga caagggggag gcagagcaaa tcgtgtccca 5580 
ccaggacttg agtgaagact atcagaagcc tctgcagact tgtaaaaata aatgtttttg 5640 
caaaaaatgt tgttaccact gtcagctttg ctttctgcaa aaaggcctag gtgttaccta 5700 
tcatgcccct aggaccagaa gaaagaagat tcgttcgctt aatttggctc ctttacagca 5760 
ccagtaagta tgaggtatac aataataacc ttaggaataa tagtgatagg aatagggata 5820 
gtgttaagta agcaatggat aacagtcttt tatggaatac cagtatggaa aaacagctcg 5880 
gtgcaggctt tctgcatgac tcccaccaca agcttatggg ctactactaa ttgcatacca 5940 
gatgatcatg actatacaga agtacctcta aatatcactg aaccatttga ggcatggggt 6000 
gatagaaacc cattaatagc acaagcagcc agtaacatcc atttactctt tgagcaaact 6060 
atgaaacctt gtgtgaagtt atcaccacta tgcatcaaga tgaattgtgt agagttaaat 6120 
tccacaagag aaagggcgac aacacctaca acgacgccga aatctaccgg cctaccctgt 6180 
gtaggcccga cgtcaggtga aaatctacag tcctgtaatg caagcattat agaaagggag 6240 
atggaggatg agcccgcctc taattgtaca ttcgcaatgg ctggctatgt aagagatcag 6300 
aagaaaaatt attattctgt ggtgtggaat gatgcagaaa tctattgcaa aaataagact 6360 
aatagcacta gcaaagagtg ttacatgatt cattgtaatg actcagttat aaaagaagca 6420 
tgtgacaaaa catattggga tcagttgagg ttaaggtatt gtgctccagc aggttatgct 6480 
ttgctaaaat gtaatgatga agattataat gggtataaac aaaattgctc aaatgtatca 6540 
gtagtgcatt gtacaggctt aatgaataca acagtgacaa cagggttgtt gctgaatgga 6600 
agctatcatg agaatcgaac ccagatatgg cagaaacata gggtaaataa taacacagta 6660 
ttgatcttgt tcaacaagca ctataatcta tcagtcacct gtaggagacc aggaaacaag 6720 
acagtcctac cggtaacgat aatggcggga ctggttttcc actctcaaaa atacaacatg 6780 
aagcttagac aggcttggtg tcacttcgaa ggcaattgga gaggtgcctg gcgggaagta 6840 
aaacaaaaaa tagtagagtt accaaaagac aggtataaag gaaccaataa tacagaacac 6900 
atatacctgc aaagacaatg gggagaccca gaagcatcca acttgtggtt taattgtcaa 6960 
ggagaattct tttattgtaa gatggattgg tttttaaatt acttaaataa taaaacatgg 7020 
gatgcatacc ataatttttg tagcagcaaa aagaaaggac acgcaccagg accatgtgta 7080 
caaaggacgt atgttgctta ccatatcagg tctgtaataa atgattccta taccctatca 7140 
aagaaaactt atgctccgcc aagagaagga catttgcaat gcaggtccac agtcactggg 7200 
atgacagttg agcttaatta taatagtaaa aacagaacca acgtgacact aagtccccag 7260 
atagaatcta tctgggcggc tgaattgggc agatacaaat tagtggaaat cacaccaatt 7320 
ggctttgcac ccacagaagt aaggcgttat acgggaggac atgagaggca aaagagagtc 7380 
ccgtttgtgc tagggttctt aggcttcttg ggggctgctg gaactgcaat gggagcagcg 7440 
gcgagcagcc tgacggtcca gtcccggcat ttgcttgctg ggatactgca gcagcagaag 7500 
aatctgctgg cggctgtgga ggctcaacag cagatgttga agctgaccat ttggggtgtt 7560 
aaaaacctca atgcccgcgt cacagccctt gagaagtacc tagaggatca ggcacgacta 7620 
aactcctggg ggtgcgcatg gaaacaagta tgtcatacca cagtggagtg gccctggaca 7680 
aatcggactc cggattggca aaatatgact tggttggagt gggaaagaca aatagctgat 7740 
ttggaaagca acattacggg acaattagtg aaggctagag aacaggagga aaagaatcta 7800 
gatgcctatc agaagttaac tagttggtca gatttctggt cttggttcga tttctcaaaa 7860 
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tggcttaaca ttttaaaaat gggattttta gtaatagtag gaataatagg gttaagatta 7920 

ctttacacag tatatggatg tatagtgagg gttaggcagg gatatgttcc tctatctcca 7980 

cagatccata tccaccaagt ggggaaggga cggccagaca acgccgacga gccaggagaa 8 04 0 

ggtggagaca acagcaggat caaattagag tcttggtaga aagactccaa gagcaggtgt 8100 

atgcagttga ccgcctggct gacgaggctc aacacttggc tatacaacag ttgcctgacc 8160 

ctcctcattc agcttaggaa agcttttcaa tacctgcaat atgggctcgc agaactcaaa 8220 

accggcgcac aagaaatact ccaaactctg gcaggcgttg cacaaaacgc atgtcaccag 8280 

atatggcttg cttgcagatc cgcttatagg aacatcgtca acagtccaag aagagtgcga 8340 

caaggccttg aggaaatcct taattaggaa acaaaatggc aacatgacgg aagaggaaag 8400 

gaggcttcaa gaaggagaca cctgggaaga gtggtcggat gatgaggaag aagtgggatt 8460 

tccagtgaga ccaagagtac ccttaaggca aatgacttat aaacttgcag tggatttttc 8520 

gcacttttta aaagaaaagg gaggactgga tgggatttat tactccgata ggagaaataa 8580 

gatcctgaat ctgtatgctc ttaatgaatg ggggataatt gatgattgga atgcctggtc 8640 

gaagggacca ggaataagat tccctaaatg ctttgggttc tgctttaagc tagtgccagt 8700 

ggacttacat gaggaagcac aaacatgtga aagacattgc ctagtccatc cagcgcagat 8760 

gggagaagat ccagatggta tcagccatgg agagatcttg gtgtggaagt ttgatcctat 8820 

gttggcaata cagtacgacc ccaatcggga gtactttact gacatgcatg ggctggtgaa 8880 

gaggaagtag ccagaccgca agcctgcggt tagaacatca ccatggagat gacattaaaa 8 94 0 

actgctgacg ggactttcca gcgaagggac tttccaaggc gggacatggg cggtccgggg 9000 

agtggcttta ccctcagagc tgcataaaag cagatgctcg ctggcttgta actcagtctc 9060 

ttactaggag accagcttga gcctgggtgt tcgctggtta gcctaacctg gttggccacc 912 0 

aggggtaagg actccttggc ttagaaagct aataaacttg cctgcattag 9170 
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SEQUENCE LISTING 

<110> DNAVEC RESEARCH INC. 

<120> Vector for expressing two exogenous genes 

<130> D3-008PCT 

<140> 
<141> 

<150> JP , 1999-175646 
<151> 1999-06-22 

<160> 76 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 
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<400> 1 

gcagatctca accaggaggc gaggctgcat tttggg 36 

<210> 2 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 2 

gcgaattcta cttactggtg ctgtaaagga gccaaa 36 

<210> 3 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 



<400> 3 



WO 00/78987 
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atcggaattc ttttattgta agatggattg gtttttaaat 

<210> 4 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 4 

cgggatccgc ggccgcggat atggatctgt ggagatagag gaacatat 

<210> 5 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence-' Artificially 
Synthesized Primer Sequence 

<400> 5 

tcgagactag tgacttggtg agtaggctt 



WO 00/78987 
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<210> 6 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 6 

tcgaaagcct actcaccaag tcactactc 29 

<210> 7 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Oligonucleotide Sequence 

<400> 7 

aatttctcga gcggccgca 19 



<210> 8 
<211> 19 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Oligonucleotide Sequence 

<400> 8 

aatttgcggc cgctcgaga 19 

<210> 9 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

gcggtacctg gatgggattt attactccga tagga 35 

<210> 10 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 10 

gcgaattcga tagggcttga aacatgggta ctatttctgc 40 

<210> 11 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcgaattccc gtttgtgcta gggttcttag gcttct 36 

<210> 12 

<211> 40 

<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 12 

tccccgcgga tatggatctg tggagataga ggaacatatc 40 

<210> 13 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 13 

gcgcggccgc ggatccgtcg acgcactttt taaaagaaaa ggga 44 

<210> 14 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 
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<400> 14 

gcgagctcta atgcaggcaa gtttattagc tttcta 36 

<210> 15 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 15 

ggaattcccg cggtagttat taatagtaat caattacggg 40 

<210> 16 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 



<400> 16 
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cgggatccgc ggccgcttac ttgtacagct cgtccatgcc 40 

<210> 17 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 17 

atcggaattc ttttattgta agatggattg gtttttaaat 40 

<210> 18 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 18 

ataagaatgc ggccgctagc taagctgaat gaggagggtc aggcaactgt 50 

© 
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<210> 19 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificiall; 
Synthesized Primer Sequence 

<400> 19 

gcgaattccc gtttgtgcta gggttcttag gcttct 

<210> 20 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 20 

agctagctag gctagcggat atggatctgt ggagatagag gaacatat 

<210> 21 
<211> 35 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 21 

gcggtacctg gatgggattt attactccga tagga 35 

<210> 22 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 22 

gcgaattcac tcaagtccct gttcgggcgc cactgc 36 

<210> 23 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artif icially 
Synthesized Primer Sequence 

<400> 23 

gcgaattcaa gcctactcac caagtctcct tcttgg 36 

<210> 24 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artif icially 
Synthesized Primer Sequence 

<400> 24 

gcgaattcgc ccccattgcg tacccaccgc ctgccctact 40 

<210> 25 
<211> 57 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 25 

ggaattcccg ggtcggacgg atccattaaa tgtttaattt ggtacttttt ctttccg 57 

<210> 26 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 26 

cggaattcac gcacacaaga ttgaacagac tttttaagcc 40 

<210> 27 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 
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<400> 27 

cggaattcac aacctctcat ggaggccgaa gcgctccatc 40 

<210> 28 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 28 

gcgaattccc caggcatttc cttgttgttg cgctggaaaa 40 

<210> 29 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 



<400> 29 
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gcgaattcga tagggcttga aacatgggta ctatttctgc 40 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 30 

gcgaattctg cttcttcatt aatgatctct ttcactattt 40 

<210> 31 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 



<400> 31 

cggaattctt tgacacactt ttgaagtcct agaataatcc 



40 
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<210> 32 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artif icially 
Synthesized Primer Sequence 

<400> 32 

cggaattcgt ggggtgcatt cctaggccct tcaggatgac 40 

<210> 33 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artif icially 
Synthesized Primer Sequence 

<400> 33 

cggaattctt ttccttggtt ccggacattg tctttgcata 40 



<210> 34 
<211> 40 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 34 

gcgaattcgc tcagcactaa ataggagaca attagaccaa 40 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 35 

gcgaattccc caggcatttc cttgttgttg cgctggaaaa 40 

<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence:Artif icially 
Synthesized Primer Sequence 

<400> 36 

gcgaattcgc ccccaatgcg tacccaccgc ctgccctact 40 

<210> 37 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 37 

gcgaattcgc ccccagtgcg tacccaccgc ctgccctact 40 

<210> 38 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 38 

gcgaattcgc ccccactgcg tacccaccgc ctgccctact 40 

<210> 39 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 39 

gcgaattcgc cccctttgcg tacccaccgc ctgccctact 40 

<210> 40 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 40 

gcgaattcgc ccccgttgcg tacccaccgc ctgccctact 40 

<210> 41 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 41 

gcgaattcgc cccccttgcg tacccaccgc ctgccctact 40 

<210> 42 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 



<400> 42 
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gcgaattcgc cccaattgcg tacccaccgc ctgccctact 40 

<210> 43 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 43 

gcgaattcgc cccgattgcg tacccaccgc ctgccctact 40 

<210> 44 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artif icially 
Synthesized Primer Sequence 

<400> 44 



gcgaattcgc ccctattgcg tacccaccgc ctgccctact 



40 
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<210> 45 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Art i f icially 
Synthesized Primer Sequence 

<400> 45 

tatataagca gagctcgctg gcttgtaact cagtctctt 39 

<210> 46 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Art if icially 
Synthesized Primer Sequence 

<400> 46 

tatataagtg cagtacgctg gcttgtaact cagtctctta 40 



<210> 47 
<211> 40 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artif icially 
Synthesized Primer Sequence 

( 

<400> 47 

tataaaaagc gaagccgctg gcttgtaact cagtctctta 40 

<210> 48 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 48 

gcgaattcga tagggcttga aacatgggta ctatttctgc 40 

<210> 49 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 49 

cggggtacct caatattggc cattagccat attattcatt 40 

<210> 50 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 50 

agttacaagc cagcgagctc tgcttatata gacctcccac 40 

<210> 51 
<211> 35 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 51 

gcggtaccta gttattaata gtaatcaatt acggg 35 

<210> 52 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artificially 
Synthesized Primer Sequence 

<400> 52 

agttacaagc cagcgagctc tgcttatata gacctcccac 40 

<210> 53 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Art if icially 
Synthesized Primer Sequence 
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<400> 53 

gcggtaccag gctccccagc aggcagaagt atgca 35 

<210> 54 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 54 

agttacaagc cagcgtactg cacttatata cggttctccc 40 

<210> 55 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 



<400> 55 
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ggggtaccat tgattattga ctagttatta atagtaatca 40 

<210> 56 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 56 

agttacaagc cagcggcttc gctttttata gggccgccgc 40 

<210> 57 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 



<400> 57 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggac gctggcttgt aactcagtct cttactagg 99 



O O £1! Oi ;hi;;i: O ' ,, O £* O 15 U E 

WO 00/78987 PCT/JP00/03955 



<210> 58 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 58 

gcgagctcta atgcaggcaa gtttattagc tttcta 36 

<210> 59 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 



<400> 59 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggat caatattggc cattagccat attattcat 99 
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<210> 60 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 60 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggaa ggctccccag caggcagaag tatgcaaag 99 

<210> 61 
<211> 99 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 61 

atgcgagctc gtcgacgcac tttttaaaag aaaagggagg actggatggg atttattact 60 
ccgataggac attgattatt gactagttat taatagtaa 99 
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<210> 62 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 62 

gcgagctcta atgcaggcaa gtttattagc tttcta 36 

<210> 63 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Artif icially 
Synthesized Primer Sequence 

<400> 63 

atcggaattc gccgccatgg aagacgccaa aaacataaag aaaggc 46 



<210> 64 
<211> 40 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 64 

atcggaattc ttacacggcg atctttccgc ccttcttggc 40 

<210> 65 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 65 

atcggaattc gccgccatgg tgagcaaggg cgaggagctg ttcacc 46 

<210> 66 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 66 

atcggaattc ttacttgtac agctcgtcca tgccgagagt 40 

<210> 67 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 67 

gcggtacctg gatgggattt attactccga tagga 35 

<210> 68 
<211> 36 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 68 

gcgaattcgc ccccgctgcg tacccaccgc ctgccc 36 

<210> 69 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 69 

atcggaattc ttttattgta agatggattg gtttttaaat 40 

<210> 70 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 
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<400> 70 

gcgaattccc gtttgtgcta gggttcttag gcttct 36 

<210> 71 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 71 

gctctagacc cccaggagtt tagtcgtgcc tgatcctcta 40 

<210> 72 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 



<400> 72 
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agctagctag gctagcggat atggatctgt ggagatagag gaacatat 48 

<210> 73 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificially 
Synthesized Primer Sequence 

<400> 73 

ataagaatgc ggccgctagc taagctgaat gaggagggtc aggcaactgt 50 

<210> 74 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 74 

gcggtacctg gatgggattt attactccga tagga 



35 
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<210> 75 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence Artificially 
Synthesized Primer Sequence 

<400> 75 

gcgaattctg cttcttcatt aatgatctct ttcactattt 40 

<210> 76 
<211> 9170 
<212> DNA 

<213> Simian immunodeficiency virus 
<400> 76 

cagtctctta ctaggagacc agcttgagcc tgggtgttcg ctggttagcc taacctggtt 60 
ggccaccagg ggtaaggact ccttggctta gaaagctaat aaacttgcct gcattagagc 120 
ttatctgagt caagtgccct cattgacgcc tcactctctt gaacgggaat cttccttact 180 
gggttctctc tctgacccag gcgagagaaa ctccagcagt ggcgcccgaa cagggacttg 240 
agtgagagtg taggcacgta cagctgagaa ggcgtcggac gcgaaggaag cgcggggtgc 300 
gacgcgacca agaaggagac ttggtgagta ggcttctcga gtgccgggaa aaagctcgag 360 
cctagttaga ggactaggag aggccgtagc cgtaactact ctgggcaagt agggcaggcg 420 
gtgggtacgc aatgggggcg gctacctcag cactaaatag gagacaatta gaccaatttg 480 
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agaaaatacg 


acttcgcccg 


aacggaaaga 


aaaagtacca 


aattaaacat 


ttaatatggg 


540 


caggcaagga 


gatggagcgc 


ttcggcctcc 


atgagaggtt 


gttggagaca 


gaggaggggt 


600 


gtaaaagaat 


catagaagtc 


ctctaccccc 


tagaaccaac 


aggatcggag 


ggcttaaaaa 


660 


gtctgttcaa 


tcttgtgtgc 


gtactatatt 


gcttgcacaa 


ggaacagaaa 


gtgaaagaca 


720 


cagaggaagc 


agtagcaaca 


gtaagacaac 


actgccatct 


agtggaaaaa 


gaaaaaagtg 


780 


caacagagac 


atctagtgga 


caaaagaaaa 


atgacaaggg 


aatagcagcg 


ccacctgggt 


840 


gcagtcagaa 


ttttccagcg 


caacaacaag 


gaaatgcctg 


ggtacatgta 


cccttgtcac 


900 


cgcgcacctt 


aaatgcgtgg 


gtaaaagcag 


tagaggagaa 


aaaatttgga 


gcagaaatag 


960 


tacccatgtt 


tcaagcccta 


tcagaaggct 


gcacacccta 


tgacattaat 


cagatgctta 


1020 


atgtgctagg 


agatcatcaa 


ggggcattac 


aaatagtgaa 


agagatcatt 


aatgaagaag 


1080 


cagcccagtg 


ggatgtaaca 


cacccactac 


ccgcaggacc 


cctaccagca 


ggacagctca 


1140 


gggaccctcg 


cggctcagat 


atagcaggga 


ccaccagctc 


agtacaagaa 


cagttagaat 


1200 


ggatctatac 


tgctaacccc 


cgggtagatg 


taggtgccat 


ctaccggaga 


tggattattc 


1260 


taggacttca 


aaagtgtgtc 


aaaatgtaca 


acccagtatc 


agtcctagac 


attaggcagg 


1320 


gacctaaaga 


gcccttcaag 


gattatgtgg acagatttta 


caaggcaatt 


agagcagaac 


1380 


aagcctcagg 


ggaagtgaaa 


caatggatga 


cagaatcatt 


actcattcaa 


aatgctaatc 


1440 


cagattgtaa 


ggtcatcctg 


aagggcctag 


gaatgcaccc 


cacccttgaa 


gaaatgttaa 


1500 


cggcttgtca 


gggggtagga 


ggcccaagct 


acaaagcaaa 


agtaatggca 


gaaatgatgc 


1560 


agaccatgca 


aaatcaaaac 


atggtgcagc 


agggaggtcc 


aaaaagacaa 


agacccccac 


1620 


taagatgtta 


taattgtgga 


aaatttggcc 


atatgcaaag 


acaatgtccg gaaccaagga 


1680 


aaacaaaatg 


tctaaagtgt 


ggaaaattgg 


gacacctagc 


aaaagactgc 


aggggacagg 


1740 


tgaatttttt 


agggtatgga 


cggtggatgg 


gggcaaaacc 


gagaaatttt 


cccgccgcta 


1800 


ctcttggagc 


ggaaccgagt 


gcgcctcctc 


caccgagcgg 


caccacccca 


tacgacccag 


1860 


caaagaagct 


cctgcagcaa 


tatgcagaga 


aagggaaaca 


actgagggag 


caaaagagga 


1920 


atccaccggc 


aatgaatccg 


gattggaccg 


agggatattc 


tttgaactcc 


ctctttggag 


1980 


aagaccaata 


aagacagtgt 


atatagaagg ggtccccatt 


aaggcactgc 


tagacacagg 


2040 
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ggcagatgac 


accataatta 


aagaaaatga 


tttacaatta 


tcaggtccat 


ggagacccaa 


2100 


aattataggg 


ggcataggag 


gaggccttaa 


tgtaaaagaa 


tataacgaca 


gggaagtaaa 


2160 


aatagaagat 


aaaattttga 


gaggaacaat 


attgttagga 


gcaactccca 


ttaatataat 


2220 


aggtagaaat 


ttgctggccc 


cggcagtgcc 


ccggttagta 


atgggacaat 


tatcagaaaa 


2280 


aattcctgtc 


acacctgtca 


aattgaagga 


aggggctcgg 


ggaccctgtg 


taagacaatg 


2340 


gcctctctct 


aaagagaaga 


ttgaagcttt 


acaggaaata 


tgttcccaat 


tagagcagga 


2400 


aggaaaaatc 


agtagagtag 


gaggagaaaa 


tgcatacaat 


accccaatat 


tttgcataaa 


2460 


gaagaaggac 


aaatcccagt 


ggaggatgct 


agtagacttt 


agagagttaa 


ataaggcaac 


2520 


ccaagatttc 


tttgaagtgc 


aattagggat 


accccaccca 


gcaggattaa 


gaaagatgag 


2580 


acagataaca 


gttttagatg 


taggagacgc 


ctattattcc 


ataccattgg 


atccaaattt 


2640 


taggaaatat 


actgctttta 


ctattcctac 


agtgaataat 


cagggacccg 


ggattaggta 


2700 


tcaattcaac 


tgtctcccgc 


aagggtggaa 


aggatctcct 


acaatcttcc 


aaaatacagc 


2760 


agcatccatt 


ttggaggaga 


taaaaagaaa 


cttgccagca 


ctaaccattg 


tacaatacat 


2820 


ggatgattta 


tgggtaggtt 


ctcaagaaaa 


tgaacacacc 


catgacaaat 


tagtagaaca 


2880 


gttaagaaca 


aaattacaag 


cctggggctt 


agaaacccca 


gaaaagaaga 


tgcaaaaaga 


2940 


accaccttat 


gagtggatgg 


gatacaaact 


ttggcctcac 


aaatgggaac 


taagcagaat 


3000 


acaactggag 


gaaaaagatg 


aatggactgt 


caatgacatc 


cagaagttag 


ttgggaaact 


3060 


aaattgggca 


gcacaattgt 


atccaggtct 


taagacaaga 


atatgcaagt 


taattacagg 


3120 


aggaaagaaa 


aatctgttag 


agctagtagc 


ttggacacct 


gaggcagaag 


ctgaatatgc 


3180 


agaaaatgca 


gagattctta 


aaacagaaca 


ggaaggaacc 


tattacaaac 


caggaatacc 


3240 


tattagggca 


gcagtacaga 


aattggaagg 


aggacagtgg 


agttaccaat 


tcaaacaaga 


3300 


aggacaagtc 


ttgaaagtag 


gaaaatacac 


caagcaaaag 


aacacccata 


caaatgaact 


3360 


tcgcacatta 


gctggtttag 


tgcagaagat 


ttgcaaagaa 


gctctagtta 


tttgggggat 


3420 


attaccagtt 


ctagaactcc 


cgatagaaag 


agaggtatgg 


gagcaatggt 


gggcggatta 


3480 


ctggcaggta 


agctggattc 


ccgaatggga 


ttttgtcagc 


accccacctt 


tgctcaaact 


3540 


atggtacaca 


ttaacaaaag 


aacccatacc 


caaggaggac 


gtttactatg 


taggagcatg 


3600 
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caacagaaat 


tcaaaagaag 


gaaaagcagg 


atacaxctca 


caatacggaa 


aacagagagt 


3660 


agaaacatta 


gaaaacacta 


ccaatcagca 


agcaaaatta 


acagctataa 


aaatggcttt 


3720 


ggaagacagt 


gggcctaatg 


tgaacatagt 


aacagactct 


caatatgcaa 


tgggaatttt 


3780 


gacagcacaa 


cccacacaaa 


gtgattcacc 


attagtagag 


caaattatag 


ccttaatgat 


3840 


acaaaagcaa 


caaatatatt 


tgcagtgggt 


accagcacat 


aaaggaatag 


gaggaaatga 


3900 


ggagatagat 


aaattagtga 


gtaaaggcat 


tagaagagtt 


ttattcttag 


aaaaaataga 


3960 


agaagctcaa 


gaaaagcatg 


aaagatatca 


taataattgg 


aaaaacctag 


cagatacata 


4020 


tgggcttcca 


caaatagtag 


caaaagagat 


agtggccatg 


tgtccaaaat 


gtcaaataaa 


4080 


gggagaacca 


gtgcatggac 


aagtggatgc 


ctcacctgga 


acatggcaga 


tggattgtac 


4140 


tcatctagaa 


aaaaaagtag 


tcatagttgc 


ggtccatgta 


gccagtggat 


tcatagaagc 


4200 


agaagtcata 


cctagggaaa 


caggaaaaga 


aacggcaaag 


tttctattaa 


aaatactgag 


4260 


tagatggcct 


ataacacagt 


tacacacaga 


caatgggcct 


aactttacct 


cccaagaagt 


4320 


ggcagcaata 


tgttggtggg 


gaaaaattga 


acatacaaca 


ggtataccat 


ataaccccca 


4380 


atctcaagga 


tcaatagaaa 


gcatgaacaa 


gcaattaaaa 


gagataattg 


ggaaaataag 


4440 


agatgattgc 


caatatacag 


aggcagcagt 


actgatggct 


tgcatacttc 


acaattttaa 


4500 


aagaaaggga 


ggaatagggg 


gacagacttc 


agcagagaga 


ctaattaata 


taataacaac 


4560 


acaattagaa 


atacaacatt 


tacaaaccaa 


aattcaaaaa 


attttaaatt 


ttagagtcta 


4620 


ctacagagaa 


gggagagacc 


ctgtgtggaa 


aggaccggca 


caattaatct 


ggaaagggga 


4680 


aggagcagtg 


gtcctcaagg 


acggaagtga 


cctaaaggtt 


gtaccaagaa 


ggaaagctaa 


4740 


aattattaag 


gattatgaac 


ccaaacaaag 


agtgggtaat 


gagggtgacg 


tggaaggtac 


4800 


caggggatct 


gataactaaa 


tggcagggaa 


tagtcagata 


ttggatgaga 


caaagaaatt 


4860 


tgaaatggaa 


ctattatatg 


cattaccaaa 


ttacatgggc 


ttggtacacc 


atgagtagat 


4920 


atgtaatacc 


aataggaaaa 


catggggaaa 


tatgtgtaga 


cctatattgg 


catttaacac 


4980 


cagagcaagg 


atggctatcc 


acatatgcag 


taggtataca 


atatgtaagc 


aatttagaat 


5040 


ctaaatatag 


aacagaatta 


gaccctgcta 


cagcagatag 


tataatacat 


ggtcactatt 


5100 


ttaattgttt 


taaagaaaga 


gccatccaac 


aagctctgag 


gggccacaga 


tttgtcttct 


5160 
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gtcagtttcc 


agaagggcat 


aaaagcacag 


gacaggtacc 


atctttgcag 


tacctagctc 


• 5220 


tgctcgcaca 


tcaaaatggc 


ctcagggaga 


gatccaagag 


aggcaagacc 


aggagaagta 


5280 


gaaatttggg 


atctaagcag 


ggagccgtgg 


gacaaatggc 


taagagatat 


gttacaagat 


5340 


ctcaaccagg 


aggcgaggct 


gcattttggg 


agagaactcc 


tgttccaagt 


atggaactac 


5400 


tgtcaggagg 


aaggagaaag 


acatggtact 


cccatgatgg 


aaagggccta 


caaatattat 


5460 


aggctagtac 


aaaaggctct 


ctttgtgcat 


tttcgatgtg 


ggtgcaggag 


aaggcagccc 


5520 


tttgaaccat 


acgaggagag 


gagagatgga 


caagggggag 


gcagagcaaa 


tcgtgtccca 


5580 


ccaggacttg 


agtgaagact 


atcagaagcc 


tctgcagact 


tgtaaaaata 


aatgtttttg 


5640. 


caaaaaatgt 


tgttaccact 


gtcagctttg 


ctttctgcaa 


aaaggcctag 


gtgttaccta 


5700 


tcatgcccct 


aggaccagaa 


gaaagaagat 


tcgttcgctt 


aatttggctc 


ctttacagca 


5760 


ccagtaagta 


tgaggtatac 


aataataacc 


ttaggaataa 


tagtgatagg 


aatagggata 


5820 


gtgttaagta 


agcaatggat 


aacagtcttt 


tatggaatac 


cagtatggaa 


aaacagctcg 


5880 


gtgcaggctt 


tctgcatgac 


tcccaccaca 


agcttatggg 


ctactactaa 


ttgcatacca 


5940 


gatgatcatg 


actatacaga 


agtacctcta 


aatatcactg 


aaccatttga 


ggcatggggt 


6000 


gatagaaacc 


cattaatagc 


acaagcagcc 


agtaacatcc 


atttactctt 


tgagcaaact 


6060 


atgaaacctt 


gtgtgaagtt 


atcaccacta 


tgcatcaaga 


tgaattgtgt 


agagttaaat 


6120 


tccacaagag 


aaagggcgac 


aacacctaca 


acgacgccga 


aatctaccgg cctaccctgt 


6180 


gtaggcccga 


cgtcaggtga 


aaatctacag 


tcctgtaatg 


caagcattat 


agaaagggag 


6240 


atggaggatg 


agcccgcctc 


taattgtaca 


ttcgcaatgg 


ctggctatgt 


aagagatcag 


6300 


aagaaaaatt 


attattctgt 


ggtgtggaat 


gatgcagaaa 


tctattgcaa 


aaataagact 


6360 


aatagcacta 


gcaaagagtg 


ttacatgatt 


cattgtaatg 


actcagttat 


aaaagaagca 


6420 


tgtgacaaaa 


catattggga 


tcagttgagg 


ttaaggtatt 


gtgctccagc 


aggttatgct 


6480 


ttgctaaaat 


gtaatgatga 


agattataat 


gggtataaac 


aaaattgctc 


aaatgtatca 


6540 


gtagtgcatt 


gtacaggctt 


aatgaataca 


acagtgacaa 


cagggttgtt 


gctgaatgga 


6600 


agctatcatg 


agaatcgaac 


ccagatatgg 


cagaaacata 


gggtaaataa 


taacacagta 


6660 


ttgatcttgt 


tcaacaagca 


ctataatcta 


tcagtcacct 


gtaggagacc 


aggaaacaag 


6720 
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acagtcctac cggtaacgat aatggcggga ctggttttcc actctcaaaa atacaacatg 6780 
aagcttagac aggcttggtg tcacttcgaa ggcaattgga gaggtgcctg gcgggaagta 6840 
aaacaaaaaa tagtagagtt accaaaagac aggtataaag gaaccaataa tacagaacac 6900 
atatacctgc aaagacaatg gggagaccca gaagcatcca acttgtggtt taattgtcaa 6960 
ggagaattct tttattgtaa gatggattgg tttttaaatt acttaaataa taaaacatgg 7020 

gatgcatacc ataatttttg tagcagcaaa aagaaaggac acgcaccagg accatgtgta 7080 

caaaggacgt atgttgctta ccatatcagg tctgtaataa atgattccta taccctatca 7140 

aagaaaactt atgctccgcc aagagaagga catttgcaat gcaggtccac agtcactggg 7200 

atgacagttg agcttaatta taatagtaaa aacagaacca acgtgacact aagtccccag 7260 

atagaatcta tctgggcggc tgaattgggc agatacaaat tagtggaaat cacaccaatt 7320 

ggctttgcac ccacagaagt aaggcgttat acgggaggac atgagaggca aaagagagtc 7380 

ccgtttgtgc tagggttctt aggcttcttg ggggctgctg gaactgcaat gggagcagcg 7440 

gcgagcagcc tgacggtcca gtcccggcat ttgcttgctg ggatactgca gcagcagaag 7500 

aatctgctgg cggctgtgga ggctcaacag cagatgttga agctgaccat ttggggtgtt 7560 

aaaaacctca atgcccgcgt cacagccctt gagaagtacc tagaggatca ggcacgacta 7620 

aactcctggg ggtgcgcatg gaaacaagta tgtcatacca cagtggagtg gccctggaca 7680 

aatcggactc cggattggca aaatatgact tggttggagt gggaaagaca aatagctgat 7740 

ttggaaagca acattacggg acaattagtg aaggctagag aacaggagga aaagaatcta 7800 

gatgcctatc agaagttaac tagttggtca gatttctggt cttggttcga tttctcaaaa 7860 

tggcttaaca ttttaaaaat gggattttta gtaatagtag gaataatagg gttaagatta 7920 

ctttacacag tatatggatg tatagtgagg gttaggcagg gatatgttcc tctatctcca 7980 

cagatccata tccaccaagt ggggaaggga cggccagaca acgccgacga gccaggagaa 8040 

ggtggagaca acagcaggat caaattagag tcttggtaga aagactccaa gagcaggtgt 8100 

atgcagttga ccgcctggct gacgaggctc aacacttggc tatacaacag ttgcctgacc 8160 

ctcctcattc agcttaggaa agcttttcaa tacctgcaat atgggctcgc agaactcaaa 8220 

accggcgcac aagaaatact ccaaactctg gcaggcgttg cacaaaacgc atgtcaccag 8280 
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atatggcttg 


cttgcagatc 


cgcttatagg 


aacatcgtca 


acagtccaag 


aagagtgcga 


8340 


caaggccttg 


aggaaatcct 


taattaggaa 


acaaaatggc 


aacatgacgg 


aagaggaaag 


8400 


gaggcttcaa 


gaaggagaca 


cctgggaaga 


gtggtcggat 


gatgaggaag 


aagtgggatt 


8460 


tccagtgaga 


ccaagagtac 


ccttaaggca 


aatgacttat 


aaacttgcag 


tggatttttc 


8520 


gcacttttta 


aaagaaaagg 


gaggactgga 


tgggatttat 


tactccgata 


ggagaaataa 


8580 


gatcctgaat 


ctgtatgctc 


ttaatgaatg 


ggggataatt 


gatgattgga 


atgcctggtc 


8640 


gaagggacca 


ggaataagat 


tccctaaatg 


ctttgggttc 


tgctttaagc 


tagtgccagt 


8700 


ggacttacat 


gaggaagcac 


aaacatgtga 


aagacattgc 


ctagtccatc 


cagcgcagat 


8760 


gggagaagat 


ccagatggta 


tcagccatgg 


agagatcttg 


gtgtggaagt 


ttgatcctat 


8820 


gttggcaata 


cagtacgacc 


ccaatcggga 


gtactttact 


gacatgcatg 


ggctggtgaa 


8880 


gaggaagtag 


ccagaccgca 


agcctgcggt 


tagaacatca 


ccatggagat 


gacattaaaa 


8940 


actgctgacg 


ggactttcca 


gcgaagggac 


tttccaaggc 


gggacatggg 


cggtccgggg 


9000 


agtggcttta 


ccctcagagc 


tgcataaaag 


cagatgctcg ctggcttgta 


actcagtctc 


9060 


ttactaggag 


accagcttga 


gcctgggtgt 


tcgctggtta 


gcctaacctg 


gttggccacc 


9120 


aggggtaagg 


actccttggc 


ttagaaagct 


aataaacttg 


cctgcattag 




9170 
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